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MEIHOBS AW) COMPOSmONS FOR ^ 



His is a contii»ation-in-part of U.S. patent application no. 09/489,872 filed 
onIan»a.y20,2000.Y«hiaincon>oratedhard^byieference,inits 
inve„fion™m.dcmmgov»m««auppor,und«grantn»be,sNIHR01DElI290.NIH 

R01AR45548andN]HR01Ali.43655,awardedbyNationalInstituteofHeaiai, The 
govanmentmay have cettainri^ in tl» invention. 

The present invention relates to conjpositions and methods for ft. treatment, 
diagnosis and preventionof conditions, disorders or diseases invoking hone, including, but 
not tailed to, osteoporosis. Reinvention relates to modulation of fte receptor signahng 
paftwayford.epolypepSdehormonen^pep.ideYC'NPYO.Morepartieulariy.he 
presartinven.ionrelatestott>emoddationofNPYsyntl,esis,NPY-rec,t„rsynfl^NFY 

bindingtoitsrecei)lor,andNPYsignalingtobonecells. 

■me ,«sent invention also pn.vides methods for theidentificanon and 

prophylacticorther^cmeofcompomrds in fcetreatment and diagnosis of condifions, 

disord«s,ordiseasestavolvingbone.AdditionaUy,me,hodsarep,ovidedforthediagnosUc 

monitoting of patients mdergoing clinical «.a!uatiou for the treatment of condtttons or 
di^rfers involvingbone. for monitoring the efficacy of compounds in clinical trials and for 
idenlifting subjects who may be predisposed to sudi conditions, disorders, or d«ases 

involving bone. 

2 i» A ryr,T?nTTNP OF THF. TNVENTIQM 

Hie physiological process of bone remodeling allows constant renewal of 
bone-through two well-defined sequential cellular processes. Karsenty. 1999. Genes and 
Development, 13:3037-3051. T^e initial event is resorption ofpreexisting bone by the 
osteoclasts, followedbydenovo bone fonnationbytheosteoblasts.Iliesetwoprocessesm 
boneremodehngmustmaintainequiUbriumofbonemasswithinnarrowHnntsbetweenthe 
end ofpuberty and the arrest of gonadal function. TTxe molecular mechanisms re^onsxble for 
niaintainingaconstantbonema^arennknown, yet severallines of evidence suggestti.^^ 
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identification of osteoprotegennmsermnanditsiuncQoii^ 

resorption. Simonet.M/., 1997. Cell. 89.309 3iy y control bone fonnation 

addition. a>c onset of osteoporos.mboa> ex^««*- y^^^^ _^^ 

by . loss in ecpilibrinm of bone ren^odetog fevonng bone tesorpUon 
lb,eaas^bcn.fiac.u.es. At*en.ole^=rlcve.>.pa*ogenes.of osteopon«« 

remains largely unknown. 

Leases wbic. can be .eated -^orprev=n.edin.ccordancemm .^ p.^ J 
j^udebonediseasesobaracterizedbyadecreasedbonemassreWn-e^fhatot ^ 

^tna^no^seasedbone.— g,b.no«.ea^^^^ 
P.gefsdis«s. B»..iseaseswmcanbe«ea.e^^o.p.^»^--^ ^^^^^^ 
^«..v»^a>so.o.»debone^. — ^^^^^^^ 
to that of corresponding non-diseased bone, mcludmg, ou 
osteosclerosis and osteochondrosis. 
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ThTis, in accordance with one aspect of the present invention, there is amethod 
of treating a bone disease comprising: administering to a mammal in need of said treatment a 
therapeutically effective amoimt o f a compound that lowers ^ff Y lev e l in blood serum , 
';;;^^^^^;h^^^'^^i^ei^^^ovued by a decreased-bone massTelative to that of 
corresponding non-diseased bone. Specific embodhnents of some of these compounds and 
methods include, but are not limited to ones that inhibit or lower Y synthesis or increase 
NPY breakdown. Among such compounds are antisense, ribozyme or triple helix sequences 
of a NPY-encoding polypeptide. 

In accordance with another aspect of the present invention, there is a method 
oftreating a bone disease conq)rising: administering to a mammal in need of said treatment a 
therapeutically effective amount of a c ompound tha t low^ M'Y level m cerebrospmal fluid, 
wherein the bone disease is characterized by a decreased bone mass relative to that of 
corresponding non-diseased bone. Specific embodiments of some of these conqwunds and 
methods include, but are not limited to ones that inhibit or lower NPY synthesis or increase. 
NPY breakdown, and compounds that bind NPY in blood. 

Particular embodiments of the methods of the mvention include, for example, 
a method of treating a bone disease comprising: administering to a mammal m need of said 
treatment a ther^eutically effective amount of a compound, wherein Hie bone disease is 
characterized by a decreased bone mass relative to that of conresponding non-diseased bone, 
and wherdn the compound is selected &om the group consisting of compounds which bmd 
NPY in blood, including, but not limited to such compounds as an antibody which 
specifically binds NPY, and a soluble NPY receptor polyp^tide. 

In accordance with another aspect of the present invention, tha» is a method 
of treatuig a bone disease comprising: administermg to a mammal in need of said treatment a 
Uierapeutically effective amount of a compound that lowers the level of extracellular signal- 
regulated kinase (ERK) activation and inositol phosphate formation, wherein the bone disease 
is characterized by a decreased bone mass relative to that of corresponding non-diseased 
bone. Specific embodiments of some of these compounds and methods include, but are not 
limited to. ones that inhibit or lower NPY synthesis or increase NPY breakdown, compounds 
that bind NPY in blood, and NPY receptor antagonist compounds, such as antibodies which 
specifically bind NPY, antibodies which specifically bind NPY receptor, compounds that 
comprise soluble NPY receptor polypeptide sequences and a-alkoxy and a-thioalkoxyamide 
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compositions; dihydropyridine based compounds; substituted benzylamine derivatives; 
dihydropyrimidone derivatives; naphthimidazolyl derivatives; dimesylate salts); and 

substituted benzofurans, benzothiopbenes or indoles. 

In accoidance with y^ another aspect of thft-present invention, there is a 

method oftreatingabone disease comprising: administering to a mammal in need of said 
treatment a therapeuticaUy effective amount of a compound that increases NPY level m blood 
serum and/or cerebrospinal fluid, wherein the bone disease is characterized by a increased 
bone mass relative to tiiat of coirespondmg non-diseased bone. Specific embodiments of 
some of these compounds and metiiods include, but are not Umited to ones that increase or 
induce NPY synthesis or decrease J^Y breakdown. 

In accordance with another aspect of the present invaition, tiiere is a method 
of treating a bone disease comprismg: administering to a mammal in need of said tireatinent a 
tiierapeutically effective amount of a compound that increases the level of extracellular 
signal-regulated kinase (ERK) activation and mositol phosphate formation, wherein the bone 
disease is characterized by a increased bone mass relative to that of corresponding non- 
diseased bone. Specific embodiments of some of these compounds and methods include, but 
are not limited to ones that maease or induce NPY synthesis or decrease NPY breakdown, 
and NPY receptor agonist compounds such as the NPY agonists or analogs described in U.S. 

Patent No. 5,328,899. 

hi accordance with yet another aspect of the present mvention, there is a 
method of preventing a bone disease comprising: administering to a mammal at risk for tiie 
disease a compound that lowers NPY level m blood serum, at a concentration sufficient to 
prevent the bone disease, wherein the bone disease is characterized by a decreased bone mass 
relative to tiiat of corresponding non-diseased bone. Specific embodiments of some of these 
compounds and methods include, but are not limited to ones that inhibit or lower NPY 
synthesis or increase NPY breakdown. Among such compounds are antisense, ribozyme or 
triple helix sequences of a NPY-encoding polypeptide. 

hi accordance with another aspect of the present invention, there is a method 
ofpreventing a bone disease comprising: administering to a mammal at risk for tiie . bone 
disease a compound that lowers NPY level in cerebrospinal fluid, at a concentration sufficient 
to prevent the bone disease, wherein the bone disease is characterized by a deceased bone 
mass relative to that of corresponding non-diseased bone. Specific embodiments of some of 
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, ^.HntarenotliinitedtoonesthatinhibitorlowerNPY 

ti.ese compounds Yin blood. 

„ XTPV Tn-eakdown. and compounds tbat oina xsr m 
syuthesisotmcreaseNPYbreakdo^vn. 

Paxticularembodimentsofthemefliodsotttxem .^riskfotthe 

•■ . oHn.iTiisteringtoamammalatnskforthebone 
coirespondingnon-diseaseclbone. p -T,,-.,nowerNPY synthesis or increase 

t„„edis«s.acompomdtha.m«as«N ^j,^ 4. bone disease is 

characterized by a increased lone mass lelau .^ind™to but are not limited 

Specifieembodinren.sofson,eof.heseoo«pounasandn»tto^J^b 

disease a con^md that mcreases uie 
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corresponding non-diseased bone. Specific embodiments of some of these compounds and 
methods include, but are not lunited to ones that increase or induce NPY synthesis or 
decrease NPY breakdown, and NPY receptor agonist or analog compounds such as those 
described in U.S. Patent No. 5,328,899. 

In accordance with another aspect of the present invention, there is a method 
of preventing a bone disease comprising: administering to a mammal at risk for the disease a 
compound that increases NPY receptor levels in hypothalamus, at a concentration sufficient 
to prevent the bone disease, wherein the bone disease is characterized by a increased bone 
mass relative to that of corresponding non-diseased bone. Specific embodiments of some of 
these compounds and methods include, but are not limited to ones that increase or induce 
NPY receptor synthesis or decrease NPY receptor breakdown. 

In accordance with yet another aspect of the present invention, there is a 
method of diagnosing or prognosing a bone disease in a mammal, such as a human, 
comprising: 

(a) measuring NPY levels in blood serum of a mammal, e.g., a mammal 
suspected of exhibiting or being at risk for the bone disease; and 

(b) comparing fiie level measured in (a) to the NPY level in control blood 
serum, 

so that if the level obtained in (a) is higher than that of the control, the mammal is diagnosed 
or prognosed as exhibiting or being at risk for the bone disease, wherein the bone disease is 
characterized by a decreased bone mass relative to that of corresponding non-diseased bone. 

In accordance with another aspect of the present invention, there is a method 
of diagnosing or prognosing a bone disease in a mammal, such as a human, comprising: 

(a) measuring NPY levels in cerebrospinal fluid of a mammal, e.g. , a 
mammal suspected of exhibiting or bemg at risk for the bone disease; 
and 

(b) comparing the level measured in (a) to the NPY level in control 
cerebrospinal fluid, 

so that if the level obtained in (a) is higher than that of the control, the mannnal is diagnosed 
as exhibiting or being at risk for the bone disease, wherein the bone disease is characterized 
by a decreased bone mass relative to that of corresponding non-diseased bone. 
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In accordance mfh ye* another a^ect of the preset* mvetttion. ftere is a 
melhod of diagnosing or prognosing a bone disease in mmmun, 

compnsmg: ^^g^y levels in blood serum of a mannnaU-g., a maxmnal 

suspected of exhibiting or being at riskfor the bone disease; and 
(b) oomparmgthelevelmeasuredin(a)totideNPYlevelincontrolblood 



SO 

as 



.„totiftheleve.obt»ned»(a)islowerft«.^omeca...ro...he— isdia^ 

.e,d.bi«»gorhehtgatris.f.r.hehoneaia.ase.^«»^.^-'— 

byantacreasedbonema^srelaUvetothatofcc^spoodh^non^seas^b"^^ 

I„accordancewi.haaotheraspectoftt>epresertinvenho.,.here«amethod 

ofdiagnosingorprogt^smgabonediseasetaa— ,suchasahMnan.c<«^ 
(al oeaautingNPYlevelsmcerebrospmalMdofa.n«mnal,e.g.,a 

suspected of exhibittag or being at rtekforlh.bot.e disease; 

and 

(b) comparing the level measured in (a) to the NPY level in control 
cerebrospinal fluid, 

ft. if «.elevelob.ainedin(a)is.ow«man.ha.of decontrol the — hdiagno^ 
.e=cMbitingorbeingatris.toftebonediseas.wbe.ein«teb<-edis^e.s<*aract^ 

byanincreasedboneBassrelativeto««.ofco.T.spandir«non-diseasedbon^^ 

Inaccordancewithyetat»4eraiF«=totfl»pres«*in«nt.o,^tJ>er..sa 
„,emodof»omtoringefflcacyofacoo^»itetreatingabon.di.ease»anaan»al,s^ 

as a human, comprising: 

(a) administering the compound to amammal; 

(b) measuringNPY levels inblood serum of the mammal; and 

(c) comparingthelevelmeasuredin(b)totheNPyievelinbloodserum 

of the mammal prior to administering the compound, 
^.erebymonitoring^e efficacy of thecon^ound,whereinthebone disease is d.^^^^^ 

byadecreasedbonemassrelativetotixatofcorrespondingnon-diseasedbone. 

I„accordancewithano^eraspectofthepresentinvennon,ti.erexsamethod 
ofmomtoringefficacyofacompo«ndfortreatingabonediseaseinamammal.suchasa 

human, comprising: 
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(a) admiBistering the compound to a mammal; 

(b) measuring NPY levels in cerebrospinal fluid of the mammal; and 

(c) comparing the level measured in (b) to the NPY level in cerebrospinal 
fluid of the mammal prior to administering the compound, 

thereby monitoring the efficacy of the compound, wherein the bone disease is characterized 
by a decreased bone mass relative to that of corresponding non-diseased bone. 

In accordance with yet another aspect of the present invention, there is a 
method of monitoring eflBcacy of a compound for treating a bone disease in a mammal, such 
as a human, comprising: 

(a) administering the compound to a mammal; 

(b) measuring NPY levels in blood serum of the mammal; and 

(c) comparing the level measured in (b) to the NPY level in blood serum 
of the mammal prior to administering the compound, 

thereby monitoring the efficacy of the compound, wherein the bone disease is characterized 
by a increased bone mass relative to that of corresponding non-diseased bone. 

In accordance with another aspect of the present invention, there is a method 
of monitoring ef&cacy of a compound for treating a bone disease in a mammal, such as a 
human, comprising: 

(a) administering the compound to a mammal; 

(b) measuring NPY levels in cerebrospinal fluid of the mammal; and 

(c) comparing the level measured in (b) to the NPY level in cerebrospinal 
fluid of the mammal prior to administering the compound, 

thereby monitoring the efficacy of the compound, wherein the bone disease is characterized 
by a increased bone mass relative to that of corresponding non-diseased bone. 

In accordance with another aspect of the present invention, there is a method 
for identifying a compound to be tested for an ability to modulate (increase or decrease) bone 
mass in a mammal, comprising: 

(a) contacting a test compound with a polypeptide; and 

(b) determining whether the test compound binds the polypeptide, so that 
if the test compound binds the polypeptide, then a compound to be 
tested for an ability to modulate bone mass is identified, wherein the 
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polypeptide is sclectedftom^e group co^tirgof an»op.pdd»V 
«,lypeptideandaiKvmW«=Yreoq>torp«lypept.d<>. 
^ac»Lewi«.»>m«asp«tofU.eprese.taven«o.ti.e«.a^ 

de.e™iringwh*=r«..tes.oo^™imodda.«b»»-ss«me 

^alreMve.o*a.ofaoo«sp»ii^t»-i»»"'^^ 

control non-humanmammal. 
w^a>epo,^ep«dei.se,ec.ea4o.*eg™>, — otan«^ 

^*iA^ V receotor polypeptide, so that if the test compuim 

modulates bom mass, then a compoima mat mou . w is a 

l,.ooordancewi«.ye.anote.3p»tof*eprese„tmven..on.«^tsa 

„tideYteoep.»rpol„<^tidei»ratim.suffiae^«.«>» 
„emopq>adeYteuropeptideYrec.ptotcompl»t=s-,and 
rt.) »e.uring»utop^a.V/n™».pcpddcyrecep«.con,lexleve..» 

fl,et«.oo»poand,.h«.a«™,»».d.obe.es.edforanabdt.yu. 

modulatebonemassisideiitified. 
l„.ecorda.oe.i«.»o.he.asp«.oft.ep«sentinve„ti«.«>».-^ 
f„Hd=-i^aco.po»dtobetes.ed..a.abiU.yt„d.c^bonen«ss.an— . 

(a) o„n.ao.inga.estco..^ouBd«imaoeUwhichexp«ssesatoe«cnal 
neuropeptideYreceptor; and 

determining whether the test compound activates the neuropephde Y 



(b) 

receptor, 
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wherein if the compound activates the neuropeptide Y receptor a compound to be tested for 
an ability to decrease bone mass in a mammal is identified. 

In accordance with another aspect of the present invention, there is a method 
for identifying a compoimd that decreases bone mass in a mammal, comprisiag: 

(a) contacting a test compound with a cell that expresses a functional 
neuropeptide Y receptor, and determining whether the test compound 
activates the neuropq)tide Y receptor, 

(b) administering a test compound identified in (a) as activating the 
neuropeptide Y receptor to a non-human animal, and determining 
whether the test compound decreases bone mass of the animal relative 
to that of a corresponding bone of a control non-human animal, so that 
if the test compound decreases bone mass, then a compomd that 
decreases bone mass in a mammal is identified. 

In accordance with another aspect of the present invention, there is a method 
for identifying a compound to be tested for an ability to increase bone mass in a mammal, 
comprising: 

(a) contacting a neuropeptide Y polypq)tide and a test compound with a 
cell that expresses a fimctional neuropeptide Y receptor, and 

(b) determining whether the test compound lowers activation of the 
neuropeptide Y receptor relative to that observed in the absence of the 
test compound; wherein a test compounds that lowers activation of the 
neuropeptide Y receptor is identified as a compound to be tested for an 
ability to increase bone mass in a mammal. 

In accordance with yet another aspect of the present invention, there is a 
method for identifying a compound that increases bone mass in a mammal, comprising: 

(a) contacting a neuropeptide Y polypeptide and a test couDpound with a 
cell that egresses a fiinctional neuropeptide Y receptor, and 
determining whether the test compound decreases activation of the 
neuropeptide Y receptor; 

(b) administering a test compound identified in (a) as decreasing 
neuropeptide Y receptor to a non-human animal, and determining 
whether the test compound increases bone mass of the animal relative 
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A- of a control non-himm animal, SO that 
to Ihat of a couespondmg bone of a oontro 
i,^etestco^-dincreasesbonen.ass>enacon.po.n<l^ 

^.easesbonemassinan^^^ - 
Thepresentinventionalsoprovidesphannaceuticalco p 

beusedtotreatand/orpreventbonediseases. be apparent and 

OtherandMerobjects,feataresandadvarxtageswo 

. ^ . ^wr«adine1iiefoUowingspecificationandbyreia6i 
eventaaUymoreread^ly-derstoodbyre^g^ ,3ny examples of 1hep«.ently 
^eaccompanyh^gdrawingsfornnngapartth^^^^^^^ 
preferred embodiments of the invention are given for the purp 



3.1 aeMfiM ,,,,,i,shaUhavethemeamngindicated: 
H^efoUowingtemisusedheremshaUti ^f^iy^an 
^Y.asusedherein.isdefinedasneuropept.deY.preferably 

^..YmPY>isamemberofthepancreaticpolypeptidefiamly. 

"TlTrZlS-dher^ 
istobennderstoodthattheterml^^^^^^^^^^ ^^^^^^^^^^^ 

neuropeptide Ybut also its peptide relatives mtnep 

peptide YY (PYY). and pancreatic polypeptide (PP). ^^^^^^ 

^ .i x7 ^^o^tnr r*NPY receptor or JNJ:'i 

Neuropeptide YreceptorCNPYr ^ ^^^^^y^der 

physiological c.nd,«o». ^ („pp).Y6.orY7. 

Mted.os»bW>estaownasYl,Y2,Y^ ^ ^^^^^^^^^^^^^^^ 

Bone disease, as medtaraii, refers 10 y is not limited to, 

,orisc..aote*ed.ylosso..ealt.o,inte.rityt^^— ^"^^ 

„sis.osteope^.*au..yl»nefonna..<»^^-J;^^^ 
^^.n...ne— .os^e^o.— 

partioutely.bone diseases winch csnbeteated an P^^ ^^^^^^^ 

p-*— --rrjer— ^^^^^^ 

m of oonespondingnon-d.s«sedbone (^J., P „f «,„,«ponaing 

.i^nedis^sesch^ct^izedbyaaincrease^l^ne™..^^^^ 

„„n*eascdbo„e(....os.eopc^..«-^-^»^^„^ 

^n.diseaseincWesao«ve,yir..-venn«asd^^^^^^ 

aseascTreatmetrtofbonedisease^^^psssesacm-elyn^ 
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down, ameliorate symptoms of, or reverse the disease or situation . More specifically, 
treating, as used herein, refers to a method that modulates bone mass to more closely 
resemble that of correspondiog non-diseased bone (that is a corresponding bone of flie same 
type, e.g., long, vertebral, ete.) in a non-diseased state. 

NP Y reenter antagonist; as used herein, refers to a fector which neutralizes or 
impedes or otherwise reduces the action or effect of a NPY receptor. Such antagoniste can 
include compounds that bind NPY or that bind NPY receptor. Such antagonists can also 
include compounds that neutralize, impede or otherwise reduce NPY receptor output, that is, 
intracellular steps in the NPY signaling pathway following binding of NPY to the NPY 
receptor, i.e., downstream events that affect NPY/NPY receptor signaling, that do not occur 
at the recqptor/ligaud interaction level. NPY receptor antagonists may include, but are not 
limited to proteins, antibodies, small organic molecules or carbohydrates, such as, for 
example antibodies which specifically bind NPY, antibodies which specifically bind NPY 
recqptor, and compounds that conq)rise soluble NPY receptor polypeptide sequences. 
Additional NPY recq)tor antagonists include, but are not limited to a-alkoxy and a- 
thioalkoxyamide compositions; dihydropyridine based compounds; substituted baizylamine 
derivatives; dihydropyrimidone doivatives; naphthimidazolyl derivatives; dimesylate salts); 
and substituted benzofiirans, benzothiophenes or indoles. 

NPY receptor agonist, as used herein, refers to a factor which activates, 
induces or otherwise increases the action or effect of a NPY receptor. Such agonists can 
include compoimds that bind NPY or that bind NPY receptor. Such antagonists can also 
include compounds that activate, induce or otherwise increase NPY receptor output, that is, 
intracellular steps in the NPY signaling pathway following binding of NPY to the NPY 
receptor, i.e., downstream events that affect NPY/NPY receptor signaling, that do not occur 
at the receptor/ligand interaction level. NPY receptor agonists may include, but are not 
limited to proteins, antibodies, small organic molecules or carbohydrates, such as, for 
example, NPY, NPY analogs, antibodies which specifically bind and activate NPY and NPY 
receptor agonist and analog compounds such as those described in U.S. Patent No. 5,328,899. 

An agent is said to be administered in a "therapeutically effective amount" if 
the amount administered results in a desired change in the physiology of a recipient mammd, 
e.g. , results in an increase or decrease in bone mass relative to that of a corresponding bone in 
the diseased state; that is, results in treatment, ie., modulates bone mass to more closely 
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L>asp.ptide.orpol,p.ptidesco«spondu«--«^ ^^^^^^ 

Sequences ofNPV ^ ^lap^tri. 

^.or^are^Utaowa «»°'''''*XJ«, ^nd p»pW ne«o»s s,.^^ 

■«-ttatislooated*«"*°'* , . p,„c Soc Exp. Biol- 
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Med. 202, 44 (1993). Sequences of NPY are well known. See e,g., TakeuchiJ., et al, 1986, 
J. Clin. Invest., 77 (3):1038-1041, Colmers and Wahlestedt, The Biology of Neuropeptide Y 
and Related Peptides (Humana Press, Totowa, NJ., 1993), and Hazlewood, Proc. Soc. Exp. 
Biol. Med, 202, 44 (1993). For example, in one embodiment, the sequence of human NPY is- 
YPSKPDNPGE DAPAEDMARY YSALRHYINL ITRQRY (SEQ ID NO.: 1) 

NPY receptors are protein-coupled recqators including, but not limited to 
subtypes known as Yl, Y2, Y3, Y4, Y5 (or PP), Y6, or Y7 sequences of which are well 
known to those of skill in the art. See, e.g,, WO 93/09227, WO 93/24515, Larhammar et aL, 
J. Biol. Chem. 267:10935 (1992); Eva et al., 1990, FEBS Lett. 271:81; and Eva et al., 1990, 
FEBS Lett. 314:286, and U.S. Patent No. 5,571,695 (NPYl); WO 95/21245; Rose et al., L 
Biol. Chem. 270:22661 (1995), U.S. Patent No. 5,545,549, and U.S. Patent No. 5,989,834 
(NPY2); Herzog et al., DNA Cell. Biol. 12:465 (1993) (NPY3); WO 95/17906, U.S. Patent 
No. 5,516,653, and U.S. Patent No. 5,976,814 (NPY4); U.S. Patent No. 5,602,024, U.S. 
Patent No. 5,191,901, U.S. Patent No. 5,965,392, and U.S. Patent No. 5,968,819 (NPY5); 
Starback et al., Biochem. Biophys. Res. Comm. 2000 Oct 14;277:264 (2000) (NPY 6); and 
WO 00/00606 (NPY7). Representative NPY receptor sequences including, but not limited to, 
human receptor sequences, of the subtypes listed above are presented in Example 7. 

For example, peptides and polypeptides corresponding to NPY or to one or 
more domains of the NPY receptor {e,g,, BCD, TM or CD), truncated or deleted NPY or NPY 
receptors (e.g., NPY receptor in which the TM and/or CD is deleted) as well as fusion 
proteins in which the full length NPY or NPY receptor, an NPY or NPY receptor peptide or 
truncated NPY or NPY receptor (e,g., an NPY receptor ECD, TM or CD domain) is fused to 
a heterologous, unrelated protein are also within the scope of the invention and can be 
utilized and designed on the basis of such NPY and NPY receptor nucleotide and NPY and 
NPY receptor amino acid sequences which are known to those of skill in the art. Preferably, 
NPY polypeptides can bind NPY recq)tor under standard physiological and/or cell culture 
conditions. Likewise, preferably Iqptin receptor polypeptides can bind NPY under standard . 
physiological and/or cell culture conditions. Thus, at a minimum, NPY receptor polypeptides 
comprise a NPY amino acid sequence sufficient for NPY recq)tor binding, that is for 
NPY/NPY receptor complex formation and likewise, at a minimum, NPY receptor 
polypeptides comprise a NPY receptor ECD sequence sufficient for NPY binding. 
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example, synthesizers. See, for example, the techniques described in "Oligonucleotide 
Synthesis", 1984, Gait, M. J. ed., IRL Press, Oxford, which is incorporated by reference 
herein in its entirety. 

A variety of host-expression vector systems may be utilized to express the * 
NPY and NPY-R nucleotide sequences of the invention. Where the NPY and NPY-R peptide 
or polypeptide is a soluble derivative (e,g,, NPY-R peptides corresponding to the BCD; 
truncated or deleted MPY-R in which the TM and/or CD are deleted) the peptide or 
polypeptide can be recovered fiiom the culture, ie., &om the host cell in cases where the NP Y- 
R pqptide or polypeptide is not secreted, and from the culture media m cases where the NPY- 
R peptide or polypeptide is secreted by the cells. However, the expression systems also 
encompass engineered host cells that Gxpxoss NPY and NPY-R or functional equivalents in 
situ, z.e., anchored in the cell membrane. Pxirification or enrichment of NPY or NPY-R from 
such expression systems can be accomplished using appropriate detergents and lipid micelles 
and methods well known to those skilled in the art However, such engineered host cells 
themselves may be used in situations where it is important not only to retain the structural 
and functional characteristics of NPY and NPY-R, but to assess biological activity, e,g., in 
drug screening assays. 

The e^qpression systems that may be used for purposes of the invention 
include, but are not limited to, microorganisms such as bacteria (e.g., E. coli, B. subtilis) 
transformed with recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression 
vectors containing NPY or NPY-R nucleotide sequences; yeast (e.g., Sacchaiomyces, Pichia) 
transformed with recombinant yeast expression vectors containing titie nucleotide sequences; 
insect cell systems infected with recombinant virus expression vectors (e^g., baculovirus) 
containing the sequences; plant cell systems infected with recombinant virus expression 
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed 
with recombinant plasmid expression vectors (e.g., Ti plasmid) containing the nucleotide 
sequences; or mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3) harboring 
recombinant expression constructs containing promoters derived from the genome of 
mammalian cells (e.g., metallotiiionein promoter) or from mammalian viruses (e.g., the 
adenovirus late promoter; the vaccinia virus 7.5K promoter). 

In bacterial systems, a number of ejqpression vectors may be advantageously 
selected depending upon the use intended for the NPY or NPY-R gene product being 
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81:3655-3659). Specific initiation signals may also be required for efficient translation of 
inserted NPY or NPY-R nucleotide sequences. These signals include the ATG initiation 
codon and adjacent sequences. In cases where entire NPY or NPY-R genes or cDNAs, 
including their own initiation codons and adjacent sequences, are inserted into the appropriate 
expression vector, no additional translational control signals may be needed. However, in 
cases where only a portion of the coding sequence is inserted, exogenous translational control 
signals, including, perhaps, the ATG initiation codon, must be provided. Furthermore, the 
initiation codon must be in phase with the reading fi:ame of the desired coding sequence to 
ensure translation of the entire insert. These exogenous translational control signals and 
initiation codons can be of a variety of origins, both natural and synthetic. The efiBciency of 
expression may be enhanced by the inclusion of appropriate transcription enhancer elements, 
transcription terminators, etc. (See Bittner et al^ 1987, Methods in Enzymol. 153:516-544). 

In addition, a host cell strain may be chosen which modulates the e5q)ression 
of the inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. Such modifications (e.g.^ glycosylation) and processing (e.g., cleavage) of protein 
products may be important for the fimction of the protein. Different host cells have 
characteristic and specific mechanisms for the post^-translational processing and modification 
of proteins and gene products. Appropriate cell lines or host systems can be chosen to ensure 
the correct modification and processing of the foreign protein expressed. To fliis end, 
eukaryotic host cells which possess the cellular machinery for proper processing of the 
primary transcript, glycosylation, and phosphorylation of the gene product may be used. Such 
mammalian host cells include but are not Umited to CHO, VERO, BHK, HeLa, COS, 
MDCK, 293, 3T3, WD8, and in particular, cell lines of the central and peripheral nervous 
systems. 

For long-term, high-yield production of recombinant proteins, stable 
expression is preferred. For example, cell lines which stably express the NPY or NPY-R 
sequences may be engineered. . Rather than using expression vectors which contain viral 
origins of replication, host cells can be transformed with DNA controlled by appropriate 
expression control elements (e,g, promoter, enhancer sequences, transcription terminators, 
polyadenylation sites, etc.), and a selectable marker. Following the iatroduction of the foreign 
DNA, engineered cells may be allowed to grow for 1-2 days in an enriched media, and then 
are switched to a selective media. The selectable marker in the recombinant plasmid confers 
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receptor to produce the founder lines of transgenic animals. Such animals can be utilized as 
part of the screening methods of the invention, and cells and/or tissues fiom such animals can 
be obtained for generation of additional compositions {e.g., cell lines, tissue culture systems) 
that can also be utilized as part of the screening methods of the invention. 

Techniques for generation of such animals are well known to those of skill in 
the art and include, but are not limited to, pronuclear microinjection (Hoppe, C, and 
Wagner, T. E., 1989, U.S. Pat. No. 4,873,191); retrovirus mediated gene transfer into germ 
lines (Van der Putten et al, 1985, Proc. Nati. Acad. ScL, USA 82:6148-6152); gene targeting 
in embryonic stem cells (Thompson et al, 1989, Cell 56:313-321); electtoporation of 
embryos (Lo, 1983, Mol Cell. Biol. 3:1803-1814); and sperm-mediated gene transfer 
(Lavitrano et al, 1989, Cell 57:717-723); etc. For a review of such techniques, see Gordon, 
1989, Transgenic Animals, Intl. Rev. Cytol. 115:171-229, which is incorporated by reference 
herein in its entirety. 

With respect to transgenic animals containing a transgenic NPY and/or NPY 
receptor, such animals can carry an NPY or NPY receptor transgene in all their cells. 
Alternatively, such animals can carry the transgene or transgenes in some, but not all their 
cells, mosaic animals. The transgene may be integrated as a single transgene or in 
concatamers, e.g.^ head-to-head tandems or head-to-tail tandems. The transgene may also be 
selectively introduced into and activated in a particular cell type by following, for example, 
the teaching of Lasko et al (Lasko, M. et al, 1992, Proc. NatLAcad. Sci. USA 89: 
6232-6236). The regulatory sequences required for such a cell-type specific activation will 
depend upon the particular cell type of interest, and will be apparent to those of skill in the 
art. When it is desired that the transgene be integrated into the chromosomal site of the 
endogenous gene, gene targeting is preferred. Briefly, when such a technique is to be utihzed, 
vectors containing some nucleotide sequences homologous to the endogenous NPY or NPY- 
R gene are designed for the purpose of integrating, via homologous recombination with 
chromosomal sequences, into and disrupting tiie function of the nucleotide sequence of the 
endogenous NPY or NP Y-R gene, respectively. The transgrae may also be selectively 
introduced into a particular cell type, thus inactivating the endogenous NPY or NPY-R gene 
in only that cell type, by following, for example, the teaching of Gu et al (Gu, et al, 1994, 
Science 265: 103-106). The regulatory sequences required for such a cell-type specific 
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cells e^qpressing NP Y receptor, by increasing the rate at which NP Y receptor (and cells 
expressing NPY receptor) breaks down or is degraded. 

For the production of antibodies, various host animals may be immunized by 
injection with NPY or NPY receptor, an NPY or NPY receptor peptide (e,g, , for NPY 
receptor, one corresponding with a functional domain of the receptor, such as BCD, TM or 
CD), truncated NPY or NPY receptor polypeptides (e.g,, for NPY receptor, in which one or 
more domains, e,g,, the TM or CD, has been deleted), functional equivalents of NPY or NPY 
receptor or mutants of NPY or NPY recqptor. Such host animals may include, but are not 
limited to, rabbits, mice, and rats, to name but a few. Various adjuvants may be used to 
increase the immunological response, depending on the host species, including but not 
limited to, Freund's (complete and incomplete), mineral gels such as aluminum hydroxide, 
surface active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil 
emulsions, keyhole limpet hemocyanin, dinitrophenol, and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and Corynebacterium parvum. Polyclonal 
antibodies are heterogeneous populations of antibody molecules derived from the sera of the 
immunized animals. 

Monoclonal antibodies, which are homogeneous populations of antibodies to a 
particular antigen, may be obtained by any technique which provides for the production of 
antibody molecules by continuous cell lines in culture. These include, but are not limited to, 
the hybridoma technique of Kohler and Milstein, (1975, Nature 256:495-497; and U.S. Pat. 
No. 4,376,1 10), the human B-cell hybridoma technique (Kosbor et al, 1983, hnmunology 
Today 4:72; Cole et al, 1983, Proc. Natl. Acad. Sci. USA 80:2026-2030), and the 
EBV-hybridoma technique (Cole et al, 1985, Monoclonal Antibodies And Cancer Therapy, 
Alan R. Liss, Inc., pp. 77-96). Such antibodies may be of any immunoglobulin class 
including IgG, IgM, IgE, IgA, IgD and any subclass thereof The hybridoma producing the 
mAb of this invention may be cultivated in vitro or in vivo. Production of high titers of mAbs 
in vivo makes this the presently preferred method of production. 

Additionally, recombinant antibodies, such as chimeric and humanized 
monoclonal antibodies, comprising both human and non-human portions, which can be made 
using standard recombinant DNA techniques, are within the scope of the invention. A 
chimeric antibody is a molecule in which different portions are derived from different animal 
species, such as those having a variable region derived from a miirine mAb and a human 
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5,661,016; and U.S. Patent 5,545,806. In addition, companies such as Abgenix, Inc. 
(Fremont, CA), can be engaged to provide human antibodies directed against a selected 
antigen using technology similar to that described above. 

Completely human antibodies which recognize a selected epitope can be 
generated using a technique referred to as "guided selection." In this approach a selected 
non-human monoclonal antibody, e,g.^ a mouse antibody, is used to guide the selection of a 
completely human antibody recognizing the same epitope. (Jespers et al. (1994) 
Bio/technology 12:899-903). 

Alternatively, techniques described for the production of single chain 
antibodies (U.S. Pat. No. 4,946,778; Bird, 1988, Science 242:423-426; Huston a/., 1988, 
Proc. Natl. Acad. Sci. USA 85:5879-5883; and Ward et al, 1989, Nature 334:544-546) can 
be adapted to produce single chain antibodies against NPY and NPY receptor gene products. 
Single chain antibodies are formed by linking the heavy and light chain fiagments of the Fv 
region via an amino acid bridge, resulting in a single chain polypeptide. 

Antibody fragments which recognize specific epitopes may be generated by 
known techniques. For example, such fragments include, but are not limited to: the F(ab*)2 
fragments which can be produced by pepsin digestion of tiie antibody molecule and the Fab 
fragments which can be generated by reducing the disulfide bridges of the F(ab% fragments. 
Alternatively, Fab expression libraries may be constructed (Huse et al, 1989, Science, 
246:1275-1281) to allow rapid and easy identification of monoclonal Fab fragments with the 
desired specificity. 

Antibodies to NPY or NPY receptor can, in turn, be utilized to generate 
anti-idiotype antibodies that "mimic" NPY or NPY receptor, using techniques well known to 
those skilled in the art. (See, e,g,, Greenspan & Bona, 1993, FASEB J 7(5):437-444; and 
Nissinoff, 1991, J. Immunol. 147(8):2429-2438). For example, antibodies which bind to the 
NPY receptor BCD and competitively inhibit the binding of NPY to the NPY receptor can be. 
used to generate anti-idio^es that "mimic" the BCD and, therefore, bind and neutralize 
NPY. Such neutralizing anti-idiotypes or Fab fragments of such anti-idiotypes can be used in 
therapeutic regimens to neutralize NPY and treat bone disease characterized by a decreased 
bone mass relative to a corresponding non-diseased bone. 
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Further, bone diseases which can be diagnosed or prognosed in accordance 
with the present invention also include bone diseases characterized by an increased bone 
mass relative to that of corresponding non-diseased bone, including, but not limited to 
osteopetrosis, osteosclerosis and osteochondrosis. 

Thus, in accordance with this aspect of the present invention, there is a method 
of diagnosing or prognosing a bone disease in a mammal, such as a human, comprising: 

(a) measuring neuropeptide Y levels in blood serum of a manamal, e.g.^ a 
mammal suspected of exhibiting or being at risk for flie bone disease; 
and 

(b) comparing the level measured in (a) to the neuropeptide Y level in 
control blood serum, 

so that if the level NPY obtained in (a) is lower than that of the control, the mammal is 
diagnosed as exhibiting or being at risk for the bone disease, wherein the bone disease is 
characterized by an increased bone mass relative to that of corresponding non-diseased bone. 

Alternatively, there is a method of diagnosing or prognosing a bone disease in 
a manmial, such as a human, comprising: 

(a) measuring neuropeptide Y levels in cerebrospinal fluid of a mammal, 
e.g,y a mammal suspected of exhibiting or being at risk for the bone 
disease; and 

(b) comparing the level measured in (a) to the neuropeptide Y level in 
control cerebrospinal fluid, 

so that if the level NPY obtained in (a) is lower than that of the control, the mammal is 
diagnosed as exhibiting or being at risk for the bone disease, wherein the bone disease is 
characterized by an increased bone mass relative to that of corresponding non-diseased bone. 

Additionally, methods are provided for the diagnostic monitoring of patients 
undergoing clinical evaluation for the treatment of bone disease, and for monitoring the 
efficacy of compounds in clinical trials. 

Thus, yet another aspect of the present invention, there is a method of 
monitoring efficacy of a compound for treating a bone disease in a mammal, such as a 
human, comprising: 

(a) administering the compound to a mammal; 

(b) measuring neuropeptide Y levels in blood serum of the mammal; and 
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In accordance with anoflier aspect of the present invention, there is a method 
of monitoring efficacy of a compound for treating a bone disease in a mammal, such as a 
human, comprising: 

(a) administering the compound to a mammal; 

(b) measuring neuropeptide Y levels in cerebrospinal fluid of the mammal; 
and 

(c) comparing the level measured in (b) to the neuropeptide Y level in 
cerebrospinal fluid of the mammal prior to administering the 
compound, 

thereby monitoring the efficacy of the compound, wherein the bone disease is characterized 
by a increased bone mass relative to that of corresponding non-diseased bone* Preferred 
compounds are ones that decrease neuropeptide Y levels relative to that NP Y observed prior 
to aduGdnistration. 

Methods such as these can also be utilized for monitoring of patients 
undergoing clinical evaluation for treatment of bone disease. Generally, such methods 
further include a monitoring of bone mass relative to a corresponding non-diseased bone* 

Methods described herein may, for example, utilize reagents such as the NPY 
and NPY receptor nucleotide sequences described above and known to those of skill in the 
art, and NPY and NPY receptor antibodies, as described, in Section 5.1.1. NPY is typically 
located throughout the central and peripheral nervous systems. As such, such reagents may 
be used, for example, for: (1) the detection of the presence of NPY and NPY receptor gene 
mutations, or the detection of either over- or under-expression of NPY or NPY receptor 
mRNA relative to the non-bone diseased states, e.g., in a mammal's blood serum or in 
cerebrospinal fluid; (2) the detection of either an over- or an under-abundance of NPY or 
NPY receptor gene product relative to the non-bone diseased states, e.g., in a mammal^s 
blood serum or in cerebrospinal fluid; and (3) the detection of perturbations or abnormalities . 
in the signal transduction pathway mediated by NPY or NPY receptor. Alternatively, levels 
of extracellular signal-regulated kinase (ERK) activation and inositol phosphate formation 
can be measured relative to levels NPY observed in a corresponding control sample or 
mammal. ERK activation and inositol phosphate formation are biochemical events which 
occurs foUowiag binding of NPY to NPY receptor. 
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5.2.1 Detection of NPY and NPY receptor Gene and Transcripts 

Mutations within the NPY and NPY receptor gene can be detected by 
utilizing a number of techniques. Nucleic acid &om any nucleated cell can be used as the 
starting point for such assay techniques^ and may be isolated according to standard nucleic 
acid preparation procedures which are well known to those of skill in the art. 

DNA may be used in hybridization or amplification assays of biological 
samples to detect abnormalities involving NPY or NPY receptor gene structure, including 
point mutations, insertions, deletions and chromosomal rearrangements. Such assays may 
include, but are not limited to, Southern analyses, single stranded conformational 
polymorphism analyses (SSCP), and PGR analyses. 

Such diagnostic methods for the detection of NPY or NPY receptor 
gene-specific mutations can involve for example, contacthig and mcubating nucleic acids 
including recombinant DNA molecules, cloned genes or degenerate variants thereof, NPY 
obtained from a sample, e,g,, derived from a patient sample or other appropriate cellular 
source, with one or more labeled nucleic acid reagents including recombinant DNA 
molecules, cloned genes or degenerate variants thereof, under conditions favorable for the 
specific annealing of these reagents to their complementary sequences within the NPY or 
NPY receptor gene, respectively. Preferably, the lengths of these nucleic acid reagents are at 
least 15 to 30 nucleotides. After incubation, all non-annealed nucleic acids are removed from 
the nucleic acid:NPY /NPY receptor molecule hybrid. The presence of nucleic acids which 
have hybridized, if any such molecules exist, is then detected- Using such a detection scheme, 
the nucleic acid from the cell type or tissue of interest can be immobilized, for example, to a 
solid support such as a membrane, or a plastic surface such as that on a microtiter plate or 
polystyrene beads. In this case, after incubation, non-annealed, labeled nucleic acid reagents 
are easily removed. Detection of the remaining, annealed, labeled NPY or NPY receptor 
nucleic acid reagents is accomplished using standard techniques well-known to those in the 
art. The NPY or NPY receptor gene sequences to which the nucleic acid reagents have 
annealed can be compared to the annealing pattern expected from a normal NPY or NPY 
receptor gene sequence in order to determine whether an NPY or NPY receptor gene 
mutation is present. 

Alternative diagnostic methods for the detection of NPY or NPY recq)tor 
gene specific nucleic acid molecules, in patient samples or other appropriate cell sources, 
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cells to be used as part of a cell-based gene ther^y technique or, alternatively, to test the 
effect of compounds on the expression of the NPY or NP Y receptor gene. Such analyses may 
reveal both quantitative and qualitative aspects of the expression pattem of the NPY or NPY 
receptor gene, including activation or inactivation of NPY or NPY receptor gene expression.. 

In one embodiment of such a detection scheme, cDNAs are synthesized from 
the RNAs of interest {e,g. , by reverse transcription of the RNA molecule into cDNA). A 
sequence within the cDNA is then used as the template for a nucleic acid amplification 
reaction, such as a PGR amplification reaction, or the like. The nucleic acid reagents used as 
synthesis initiation reagents (e.g.^ primers) in the reverse transcription and nucleic acid 
amplification steps of this method are chosen fi»m among NPY and NPY receptor nucleic 
acid reagents which are well known to those of skill in the art The preferred lengths of such 
nucleic acid reagents are at least 9-30 nucleotides. For detection of the amplified product, the 
nucleic acid amplification may be performed using radioactively or non-radioactively labeled 
nucleotides. Alternatively, enough amplified product may be made such that the product may 
be visualized by standard ethidiimi bromide staining or by utilizing any other suitable nucleic 
acid staining method. 

Additionally, it is possible to perform such NPY and NPY recqptor gene 
e?^ression assays siHC\ ie., directly upon tissue sections (fixed and/br frozen) of patient 
tissue NPY obtained firom biopsies or resections, such that no nucleic acid purification is 
necessary. Nucleic acid reagMts which are well known to those of skUl in the art may be used 
as probes and/or primers for such in situ procedures (See, for example, Nuovo, G. J., 1992, 
"PCR/rt situ Hybridization: Protocols And Applications", Raven Press, NY). 

Alternatively, if a sufficient quantity of the appropriate cells can be NPY 
obtained, standard Northern analysis can be performed to determine the level of noORNA 
expression of the NPY and NPY receptor gene. 

5.2,2 Detection of NPY and NPY Receptor Gene Products 
Antibodies directed against wild type or mutant NPY or NPY receptor gene 
products or conserved variants or peptide fragments thereof, which are discussed, above, in 
Section 5.1.1, may also be used as diagnostics and prognostics for bone disease, as described 
herein. Such diagnostic methods may be used to detect abnormalities in the level of NPY or 
NPY receptor gene expression, or abnormalities in the stmcture and/or temporal, tissue. 
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For example, antibodies, or fragments of antibodies, such as those described, 
above, in Section 5.1.1, usefiil in the present invention may be used to quantitatively or 
qualitatively detect the presence of NPY or NPY receptor gene products or conserved 
variants or peptide fragments thereof This can be accomplished, for example, by 
immunofluorescence techniques employing a fiuorescently labeled antibody (see below, this 
Section) coiq)led with light microscopic, flow c3rtometric, or fluorimetric detectioa Such 
techniques are especially preferred if such NPY or NPY receptor gene products are 
expressed on the cell surface. 

The antibodies (or fragments thereof) or NPY or NPY receptor fusion or 
conjugated proteins xiseful in the present invention may, additionally, be employed 
histologically, as in immimofluorescence, immimoelectron microscopy or non-immimo 
assays, for in situ detection of NPY and NPY receptor gene products or conserved variants or 
peptide fragments thereof, or for NPY receptor binding (in the case of labeled NPY receptor 
fiision protein). 

In situ detection may be accomplished by removing a histological specimen 
from a patient, and applying thereto a labeled antibody or fusion protein of the present 
invention. The antibody (or fragment) or fusion protein is preferably appUed by overlaying 
the labeled antibody (or fragment) onto a biological sample. Through the use of such a 
procedure, it is possible to determine not only the presence of the NPY or NPY receptor gene 
product, or conserved variants or peptide fragments, or NPY binding, but also its distribution 
in the examined tissue. Using the present invention, those of ordinary skill will readily 
perceive that any of a wide variety of histological methods (such as staining procedures) can 
be modified in order to achieve such in situ detection. 

Immunoassays and non-inununoassays for NPY and NPY receptor gene 
products or conserved variants or peptide fragments thereof will typically comprise 
incubating a sample, such as a biological fluid (e.g., blood serum or cerebrospinal fluid), a 
tissue extract, freshly harvested cells, or lysates of cells which have been incubated in cell 
culture, in the presence of a detectably labeled antibody capable of identifying NPY or NPY 
receptor gene products or conserved variants or peptide fragments thereof, and detecting the 
bound antibody by any of a nimiber of techniques well-known in the art. 

The biological sample may be brought in contact with and immobilized onto a 
solid phase support or carrier such as nitrocellulose, or other soUd support which is capable of 
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limited to, malate dehydrogenase, st^hylococcal nuclease^ delta-5-steroid isomerase, yeast 
alcohol dehydrogenase, alphaglycerophosphate, dehydrogenase, triose phosphate isomorase, 
horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, 
beta-galactosidase, ribonuclease, urease, catalase, glucose-6-phosphate dehydrogenase, 
glucoamylase and acetylcholinesterase. The detection can be accomplished by calorimetric 
methods which employ a chromogenic substrate for the enzyme. Detection may also be 
accomplished by visual comparison of the extent of en2ymatic reaction of a substrate in 
comparison with similarly prepared standards. 

Detection may also be accomplished using any of a variety of other 
immunoassays. For example, by radioactively labeling the antibodies or antibody fragments, 
it is possible to detect NPY or NPY receptor through the use of a radioimmunoassay (RIA) 
(see, for example, Weintraub, B., Principles of Radioimmunoassays, Seventh Training 
Course on Radioligand Assay Techniques, The Endocrine Society, March, 1986, which is 
incorporated by reference herein). The radioactive isotope can be detected by such means as 
the use of a gamma counter or a scintillation counter or by autoradiogr^hy. 

It is also possible to label the antibody with a fluorescent compound. When the 
fluorescently labeled antibody is exposed to light of the proper wave length, its presence can 
then be detected due to fluorescence. Among the most commonly used fluorescent labeling 
compounds are fluorescein isothiocyanate, rhodamine, phycoerythrin, phycocyanin, 
allophycocyanin, o-phthaldehyde and fluorescamine. 

The antibody can also be detectably labeled using fluorescence emitting 
metals such as ^^^Eu, or others of the lanthanide series. These metals can be attached to the 
antibody using such metal chelating groups as diethylenetriaminepentacetic acid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA). 

The antibody also can be detectably labeled by coupling it to a 
chemilmninescent compound. The presence of the chemiluminescent-tagged antibody is then 
determined by detecting the presence of luminescence that arises during the course of a 
chemical reaction. Examples of particularly useful chemiluminescent labeling compounds are 
luminol, isoluminol, theromatic acridinium ester, imidazole, acridinium salt and oxalate ester. 

Likewise, a biolumitiescent compound may be used to label the antibody of 
the present invention. Biolimiinescence is a type of chemiluminescence found in biological 
systems in, which a catalytic protein increases the efiEdency of the chemiluminescent 
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expression, or to test the activity of triple helix polynucleotides. Alternatively, engineered 
cells or translation extracts can be used to screen for compounds (including antisense and 
ribozyme constructs) that modulate the translation of NPY andNPY receptors mRNA 
transcripts, and therefore, affect e3q)ression of the NPY receptor. 

The following assays are designed to identify compounds that interact with 
bind to) NPY or NPY receptor (including, but not limited to, the ECD or CD of NPY 
receptor), compounds that interact with (eg:, bind to) intracellular proteins that interact wifli 
NPY or NPY receptor (including, but not limited to, the TM and CD of NPY receptor), 
compounds tihat interfere with the interaction of NPY or NPY receptor with transmembrane 
or intracellular protems involved in NPY receptor-mediated signal transduction, and to 
compounds which modulate the activity of NPY or NPY receptor gene expression or 
modulate the level of NPY or NPY receptor. Assays may additionally be utilized which 
identify compoxmds which biad to NPY or NPY receptor gene regulatory sequences (e.g., 
promoter sequences) and which may modulate NPY or NPY receptor gene expression. See 
e.g.y Piatt, K. A., 1994, J. BioL Chem. 269:28558-28562 Upon identification, compounds 
can further be tested for an ability to modulate NPY signalling in vitro or in vivo, and can 
still further be tested for an ability to modulate bone mass (that is, increase or decrease bone 
mass) and to treat a bone disease characterized by a decreased or an increased bone mass 
relative to a corresponding non-diseased bone. 

Thus, in accordance with this aspects of the present invention, there is a 
method for identifying a compound to be tested for an abilify to modulate (increase or 
decrease) bone mass in a mammal, comprising: 

(a) contacting a test compound with a polypeptide; and 

(b) determining whether the test compound binds the polypeptide, so that 
if the test compound binds the polypeptide, then a compound to be 
tested for an ability to modulate bone mass is identified, wherein the 
polypeptide is selected fix)m the group consisting of a neuropeptide Y 
polypeptide and a neuropeptide Y receptor polypeptide. 

Alternatively, there is a method for identifyiag a compound that modulates 
(increases or decreases) bone mass in a mammal, comprising: 

(a) contacting test compounds with a polypeptide; 

(b) identifying a test compound that binds the polypeptide; and 
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wherein if the compound activates the neuropeptide Y receptor a compound to be tested for 
an ability to decrease bone mass in a mammal is identiiBed. 

In accordance with this, and other aspects of the present invention, a 
functional neuropeptide Y receptor is a neuropeptide Y receptor which is capable of signal 
transduction following ligand binding to the active site of the receptor. Activation of the 
neuropeptide Y receptor, as used herein, is any increase in the activity (/.e., signal 
transduction) of the neuropeptide Y receptor. 

In accordance with another aspect of the present invention, there is a method 
for identifying a compoimd that decreases bone mass in a mammal, comprising: 

(a) contacting a test compound with a cell that expresses a functional 
neuropeptide Y receptor, and determdniiig whether the test compound 
activates the neuropeptide Y receptor; 

(b) administering a test compound identiJSed in (a) as activating the 
neuropeptide Y receptor to a non-human animal, and detennining 
whether the test compoimd decreases bone mass of the aniinal relative 
to that of a corresjponding bone of a control non-human animal, so that 
if the test compound decreases bone mass, then a compound that 
decreases bone mass in a mammal is identified. 

In accordance with another aspect of the present invention, there is a method 
for identifying a compound to be tested for an ability to increase bone mass in a mammal, 
comprising: 

(a) contacting a neuropeptide Y polypeptide and a test compound with a 
cell that expresses a functional neuropeptide Y receptor; and 

(b) determining whether the test compound lowers activation of the 
neuropeptide Y receptor relative to that observed in the absence of the 
test compound; wherein a test compounds that lowers activation of the 
neuropeptide Y receptor is identified as a compound to be tested for an 
ability to increase bone mass in a mammal. 

In accordance with yet another aspect of the present invention, there is a 
method for identifying a compound that increases bone mass in a mammal, comprising: 

(a) contacting a neuropeptide Y polypeptide and a test compound with a 
cell that expresses a functional neuropeptide Y receptor, and 
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FAb expression library fragments, and epitope-binding fragments thereof), and small organic 
or inorganic molecules. 

Other compounds which can be screened in accordance with the invention 
include, but are not limited to, small organic molecules that are able to cross the blood-brain • 
barrier, gain entry into an appropriate cell and affect the expression of the NPY or NPY 
receptor gene or some other gene involved in the NPY receptor signal transduction pathway 
{e.g., by intaacting with the regulatory region or transcription factors involved in gene 
expression); or such compounds that affect the activity of the NPY recqptor {e.g.^ by 
inhibiting or enhancing the enzymatic activity of the CD) or the activity of some other 
intracellular factor involved in the NPY receptor signal transduction pathway. 

Computer modeling and searching technologies permit identification of 
compounds, or the improvement of already identified compounds, that can modulate NPY or 
NPY receptor expression or activity. Having identified such a compound or composition, the 
active sites or regions are identified. Such active sites might typically be ligand binding sites, 
such as the interaction domains of NPY with NPY receptor itself. The active site can be 
identified using methods known in the art including, for example, from the amino acid 
sequences of peptides, from the nucleotide sequences of nucleic acids, or from study of 
complexes of the relevant compound or composition with its natural ligand. In the latter case, 
chemical or X-ray crystallographic methods can be used to find the active site by finding 
where on the factor the complexed ligand is found. Next, the three dimensional geometric 
structure of the active site is determined. This can be done by known methods, including 
X-ray crystallography, which can determine a complete molecular structure. On the other 
hand, soUd or liquid phase NMR can be used to determine certain intra-molecular distances. 
Any other e>qperimental method of structure determination can be used to obtain partial or 
complete geometric structures. The geometric structures may be measured with a complexed 
ligand, natural or artificial, which may increase the accuracy of the active site structure 
detormined. 

If an incomplete or insufficiently accurate structure is determined, the metiiods 
of computer based numerical modeling can be used to complete the structure or improve its 
accuracy. Any recognized modeling method may be used, including parameterized models 
specific to particular biopolymers such as proteins or nucleic acids, molecular dynamics 
models based on computing molecular motions^ statistical mechanics models based on 
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Ripka, New Sdentist 54-57 (Jim. 16, 1988); McKinaly and Rossmann, 1989, Amu. Rev. 
Pharmacol. Toxiciol 29:111-122; Perry and Davies, OSAR: Quantitative Structure-Activity 
Relationships in Drug Design pp. 189-193 (Alan R. Liss, Inc. 1989); Lewis and Dean, 1989 
Proc, R. Soc, Lond. 236: 125-140 and 141-162; and, with respect to a model receptor for 
nucleic acid components. Askew, et al, 1989, J. Am. Chem. Soc. 111:1082-1090. Other 
computer programs that screen and graphically depict chemicals are available from 
companies such as BioDesign, Inc. (Pasadena, Calif.), Allelix, Inc. (Mississauga, Ontario, 
Canada), and Hypercube, Inc. (Cambridge, Ontario). Although these are primarily designed 
for application to drugs specific to particular proteins, they can be adapted to design of drags 
specific to regions of DNA or RNA, once that region is identified. 

Although described above wifli reference to design and generation of 
compounds \\4iich could alter binding, one could also screen libraries of known compounds, 
including natural products or synthetic chemicals, and biologically active materials, including 
proteins, for compounds which are inhibitors or activators. 

Compounds identified via assays such as those described herein may be 
useful, for example, in elaborating the biological function of the NPY or NPY receptor gene 
product, and for ameliorating bone diseases. Assays for testing the effectiveness of 
compounds, identified by, for example, techniques such as those described in Section 5.3.1 
through 5.3 .3, are discussed, below, in Section 5.3.4. 

5.3.1 In vitro Screening Assays for Compounds that Bind to NPY and 
NPY receptor 

In vitro systems may be designed to identify compoimds capable of interacting 
with (e.g-., binding to) NPY and NPY receptor (including, but not limited to, the ECD or CD 
of NPY receptor). Compounds identified may be usefiil, for example, in modulating the 
activity of wild type and/or mutant NPY or NPY receptor gene products; may be usefiil in 
elaborating the biological fimction of NPY or NPY receptor; may be utilized in screens for 
identifying compounds that disrupt normal INOPY and NPY receptor interactions; or may in 
themselves disrupt such interactions. 

The principle of the assays used to identify compounds that bind to NPY or 
NPY receptor involves preparing a reaction mixture of NPY or NPY receptor and the test 
compound under conditions and for a time sufficient to allow the two components to interact 
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eg., using a labeled antibody specific for the previously noninimobilized component (the 
antibody, in turn, may be directly labeled or indirectly labeled with a labeled anti-Ig 
antibody). 

Alternatively, a reaction can be conducted in a liquid phase, the reaction 
products separated from mareacted components, and complexes detected; e.g., using an 
immobilized antibody specific for NPY or NPY receptor protein, polypeptide, peptide or 
fusion protein or the test compoxmd to anchor any complexes formed in solution, and a 
labeled antibody specific for the other component of the possible complex to detect anchored 
complexes. 

Altematively, cell-based assays can be used to identify compounds that 
interact with NPY or NPY receptor To this end, cell lines that express NPY or NPY 
receptor, or cell lines (e.g., PC 12 cells, COS cells, CHO cells, fibroblasts, etc.) that have 
been genetically engineered to express NPY or NPY receptor (e.g., by transfection or 
transduction of NPY or NPY receptor DNA) can be used. Interaction of the test compound 
with, for example, the BCD of NPY receptor expressed by the host cell can be determined by 
comparison or competition with native NPY. 

5.3.2 Assays for Proteins that Interact with NPY and NPY receptor 

Any method suitable for detecting protein-protein interactions may be 
employed for identifying transmembrane proteins or intracellular proteins that interact with 
NPY or NPY receptor. Among the traditional methods which may be employed are 
co-immunoprecipitation, crosslinking and co-purification through gradients or 
chromatographic columns of cell lysates or proteins obtained from cell lysates and NPY or 
NPY receptor to identify proteins in the lysate that interact with NPY or NPY receptor. For 
these assays, the NPY or NPY recqjtor component used can be full length, a soluble 
derivative lacking the membrane-anchoring region (eg., a truncated NPY receptor in which . 
the TM is deleted resulting in a truncated molecule containing flie ECD fiised to the CD), a 
peptide corresponding to the CD or a fixsion protein containing NPY or the CD of NPY 
receptor. Once isolated, such an intracellular protein can be identified and can, in turn, be 
used in conjunction with standard techniques, to identify proteins with which it interacts. For 
example, at least a portion of the amino acid sequence of an intracellxilar protein which 
interacts with NPY or NPY receptor can be ascertained using techniques well known to those 
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locaKze to the activator's binding sites. Interaction of the two hybrid proteins reconstitutes 
the functional activator protein and results in expression of the reporter gene, v/iAch is 
detected by an assay for the reporter gene product. 

The two-hybrid system or related methodology may be used to screen 
activation domain Ubraries for proteins that interact with'the "bait" gene product. By way of 
example, and not by way of limitation, NPY or NPY receptor may be used as the bait gene 
product Total genomic or cDNA sequences are fused to the DNA encoding an activation 
domaia Thislibrary and a plasmid encoding a hybrid of a bait NPY or NPY receptor gene 
product fused to the DNA<-binding domain are cotransformed into a yeast reporter strain, and 
the resulting transfoimants are screened for those that express the reporter gene. For 
example, and not by way of limitation, a bait NPY or NPY receptor gene sequence, such as 
the open reading frame of NPY or NPY receptor (or a domain of NPY receptor), can be 
cloned into a vector such that it is translationally fused to the DNA encoding the 
DNA-binding domain of the GAL4 protein. These colonies are purified and the library 
plasmids responsible for reporter gene expression are isolated. DNA sequencing is then used 
to identify the proteins encoded by the library plasmids. 

A cDNA library of ttie cell line from which proteins that interact with bait 
NPY or NPY receptor gene product are to be detected can be made using methods routinely 
practiced in the art. According to the particular system described herein, for example, the 
cDNA fragments can be inserted into a vector such that they are translationally fused to the 
transcriptional activation domain of GAL4. This Ubrary can be co-transformed along with 
the bait NPY or NPY receptor gene-GAL4 fusion plasmid into a yeast strahi \^ch contains 
a lacZ gene driven by a promoter which contains GAL4 activation sequence. A cDNA 
encoded protein, fused to GAL4 transcriptional activation domain, that interacts with bait 
NPY or NPY receptor gene product will reconstitute an active GAL4 protein and thereby 
drive expression of the HISS gene. Colonies which express HIS3 can be detected by their 
growth on petri dishes containing semi-soUd agar based media lacking histidine. The cDNA 
can then be purified from these strains, and used to produce and isolate the bait NPY or NPY 
receptor gene-interacting protein using techniques routinely practiced in the art. 
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the end of the reaction. In homogeneous assays, the entire reaction is carried out in a liquid 
phase. In either approach, the order of addition of reactants can he varied to obtain different 
information about the compounds being tested. For example, test compounds that interfere 
with the interaction by competition can be identified by conducting the reaction in the 
presence of the test substance; i.e., by adding the test substance to the reaction mixture prior 
to or simultaneously with the NP Y or NP Y receptor moiety and interactive binding partner. 
Alternatively, test compounds that disrupt preformed complexes, e.g. compounds with higher 
binding constants that displace one of the components firom the complex, can be tested by 
adding the test compound to the reaction mixture after complexes have been formed. The 
various formats are described briefly below. 

In a heterogeneous assay system, either the NP Y or NPY receptor moiety or 
the interactive binding partner, is anchored onto a solid surface, while the non-anchored 
species is labeled, either directly or indirectly. In practice, microtiter plates are conveniently 
utilized. The anchored species may be immobilized by non-covalent or covalent attachments. 
Non-covalent attachment may be accomplished simply by coating the solid surfece with a 
solution of the NPY or NPY receptor gene product or binding partner and drying. 
Alternatively, an immobilized antibody specific for the species to be anchored may be used to 
anchor the species to the solid surface. The surfaces may be prepared in advance and stored. 

In order to conduct the assay, the partner of the immobilized species is 
exposed to the coated surface with or without the test compound. After the reaction is 
complete, imreacted components are removed (e.g., by washing) and any complexes formed 
will remain immobilized on the solid surface. The detection of complexes anchored on the 
solid surface can .be accomplished in a number of ways. Where the non-immobilized species 
is pre-labeled, the detection of label immobilized on the surface indicates that complexes 
were formed. Where the non-immobilized species is not pre-labeled, an indirect label can be 
used to detect complexes anchored on the surface; eg., using a labeled antibody specific for . 
the initially non-immobilized species (tiie antibody, in turn, may be directly labeled or 
indirectly labeled with a labeled anti-Ig antibody). Depending upon the order of addition of 
reaction components, test compounds which inhibit complex formation or which dismpt 
preformed complexes can be detected. 

Alternatively, the reaction can be conducted in a Uquid phase in the presence 
or absence of the test compound, the reaction products separated firom unreacted components. 



50 



PCTAJSOl/02040 

WO 01/53477 

a^con,lex«dete<=ted.e,g.,us^a»«ma 3„d a labeled 3ntilx,dy specific for . 

„^.a^.an,e«»p.e.«^«U.^.^^^^^ 

tt,*. ntVieroartaer to detect anchored complexes. Agdiuju H o 

^ abroach. aprefo™.dec.*l»of.heKPY „NFY««,«rmo.e^-^^ 
useo. in imt. <>f p » r t.. I. ^:tt,«. •NfPY or NPY receptor or its bindmg 

background. latovray.testsubstanceswluchdmuptNPY orNri 

btadinaoartnatateractioiicaiiboidaitifled. „„,„4 
ommngp* , ™vn>Y or NPY receptor fusion can be prepared 

]naparticnlarembodimHlt,anNPY orwrire p 

1 A. OTV or NPY receptor or a peptide fragment, e.g. , 
forinnnobilizalion. Forexample.fteNPYorNl'irecep ,„„,r,<m 
,„*.M.YreceptorCD,canbeftsedtoaghrtatluone^-transferase(GSD 

corxespondurg to theNPY • ,^«,at its binding activity is 

genensingafcsionvector.»hasp^-Kl.-^^^^^ 

maintained in the resulting ftsion protein. Tie mteractiveD onig i- 

™.loMl antftody, using methods routinely practiced m the art. Hus 
^toraiseamonoclonalanhbody, B fi„«™le by meUwds routinely 

3.aodycanbe.abeledwi.h,heradi„ac.velso.^ 

^cedhraieart. ^^~";:;^',l,,l.c.n.^beadd«i 
heancboredto,utathione^a.se^^-^^^ 

:i^::r::— .eno^unboundrnater^^^ 
— ::r.:reanbede^by..u.g^— 

«'-----'^*n^:c:r:r.— lactivity . 

"""^^""^^raZt— Vrecepto,^^.=.andd».»rac«,e 
hindingparta^canbemixedtogdteinliquidintheabsencoftbesohd 



51 



wo 01/53477 



I 

PCT/USOl/02040 



glutathione-agarose beads. The test compound can be added either during or after the species 
are allowed to interact. This mixture can then be added to the glutathione-agarose beads and 
unbound material is washed away. Again the extent of inhibition of the NPY or NPY 
receptor/binding partner interaction can be detected by adding the labeled aatibody and 
measuring the radioactivity associated with the beads. 

In another embodiment of the invention, these same techniques can be 
employed using peptide fragments that correspond to the binding domains of NPY or NPY 
receptor and/or the interactive or binding partner (in cases where the binding partner is a 
protein), in place of one or both of the fiill length proteins. Any number of methods routinely 
practiced in the art can be used to identify and isolate the binding sites. These methods 
include, but are not limited to, mutagenesis of the gene encoding one of the proteins and 
screening for disruption of binding in a co-irtmiunoprecipitation assay. Compaisating 
mutations in the gene encoding the second species in the complex can then be selected. 
Sequence analysis of the genes encoding the respective proteins will reveal the mutations that 
correspond to the region of the protein involved in interactive binding. Alternatively, one 
protein can be anchored to a soUd surface using methods described above, and allowed to 
interact with and bind to its labeled binding partner, which has been treated with a proteolytic 
enzyme, such as trypsin. After washing, a short, labeled peptide comprising the binding 
domain may remain associated with the soUd material, which can be isolated and identified 
by amino acid sequencing. Also, once the gene coding for the intracellular binding partner is 
obtained, short gene segments can be engineered to express peptide fragments of the protein, 
which can then be tested for binding activity and purified or synthesized. 

For example, and not by way of limitation, an NPY or NPY receptor gene 
product can be anchored to a solid material as described,- above, by making a GST-NPY or - 
NPY receptor fiision protein and allowing it to bind to glutathione agarose beads. The 
interactive binding partner can be labeled with a radioactive isotope, such as ^^S, and cleaved 
with a proteolytic enzyme such as trypsin. Cleavage products can then be added to the 
anchored GST-NPY or -NPY recq)tor fusion protein and allowed to bind. After washing 
away unboimd peptides, labeled bound material, representing the intracellular binding partner 
binding domain, can be eluted, purified, and analyzed for amino acid sequence by 
well-known methods. Peptides so identified can be produced synthetically or fiised to 
appropriate facilitative proteins using recombinant DNA technology. 
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In utilizing such cell systems, cells may be exposed to a compound suspected 
of exhibiting an ability to ameliorate bone disorders, at a sufficient concentration and for a 
time sufficient to elicit such an amelioration of bone disorders in the exposed cells. After 
exposure, the cells can be assayed to measxu-e alterations in the expression of the NPY or 
NPY receptor gene, e.g. , by assaying cell lysates for NPY or NPY receptor mRNA transcripts 

by Northern analysis) or for NPY or NPY receptor protein expressed in the cell; 
compounds which regulate or modulate expression of the NPY or NPY receptor gene are 
good candidates as therapeutics. Alternatively, the cells are examined to determine whether 
one or more bone disorder-like cellular phenotypes has been altered to resemble a more 
normal or more wild type, non-bone disorder phenotype, or a phenotype more likely to 
produce a lower incidence or severity of disorder symptoms. Still further, the expression 
and/or activity of components of the signal transduction pathway of which NPY receptor is a 
part, or the activity of the NPY receptor signal transduction pathway itself can be assayed. 

For example, after exposure, the cell lysates can be assayed for the presence of 
tyrosine phosphorylation of host cell proteins, as compared to lysates derived fiom 
unexposed control cells. The ability of a test compound to inhibit tyrosine phosphorylation 
of host cell proteins in these assay systems indicates that the test compound inhibits signal 
transduction initiated by NPY receptor activation. The cell lysates can be readily assayed 
using a Western blot format; i.e, the host cell proteins are resolved by gel electrophoresis, 
transferred and probed using a anti-phosphotyrosine detection antibody (e.g., an 
anti-phosphotyrosine antibody labeled with a signal generating compound, such as radiolabel, 
fluor, enzyme, etc.) (See, e.g., Glenney et al, 1988, L Immunol. Metiiods 109:277-285; 
Frackelton et al, 1983, Mol. Cell. Biol. 3:1343-1352). Alternatively, an ELISA format could 
be used in which a particular host cell protein involved in the NPY receptor signal 
transduction pathway is immobilized using an anchoring antibody specific for the target host 
cell protein, and the presence or absence, of phosphotyrosine on the immobilized host cell 
protein is detected using a labeled anti-phosphotyrosine antibody. (See, King et al, 1993, 
Life Sciences 53:1465-1472). In yet another approach^ ion flux, such as calcium ion flux, can 
be measured as an end point for NPY receptor stimulated signal transduction. 

In addition, animal-based bone disorder systems, such as can be generated via 
the transgenic animal techniques described above, may be used to identify compounds 
capable of ameliorating bone disorder-like symptoms. Such animal models may be used as 
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specifically bind NP Y receptor, and compounds that comprise soluble NPY receptor 
polypeptide sequences. 

For example, NPY antagonists also include agents, or drugs, which decrease, 
inhibit, block, abrogate or interfere with binding of NPY to its receptors or extracellular 
domains thereof; agents which decrease, inhibit, block, abrogate or interfere with NPY 
production or activation; agents which are antagonists of signals that drive NPY production 
or synthesis, and agents which prohibit NPY firom reaching its receptor, e,g. , prohibit NPY 
J&om crossing the blood-brain barrier. Such an agent can be any organic molecule that 
inhibits or prevents the interaction of NPY with its receptor, or NPY productioa 

NPY receptor agonist, as used herein, refers to a factor which activates, 
induces or oflierwise increases the action or effect of a NPY recqptor. Such agonists can 
include compounds that bind NPY or that bind NPY receptor Additional NPY agonists and 
analogs include those described in U.S. Patent No. 5,328,899. Examples of these NPY 
peptide analogs as described in U.S. Patent No. 5,328,899 include, but are not limited to, (a) 
H-Ala-Arg-iyr-Xaa.2i-Xaa22-Ala-Leu-Arg-His-Xaa27-Ile-Xaa^ 

-Xaa35-Xaa36-NH2 (SEQ ID NO. 3)wherein Xaa2i is Tyr or D-Tyr; Xaa22 is Ser or D-Ser; 
Xaa27 is Tyr or D-Tyr, Xaaap is Asn or D-Asn; Xaag^ is Leu or D-Leu; Xaag^ is He or D-fle; 
Xaa32 is Thr or D-Thr; Xaa34 is Gin or D-Gln; Xaagj is Arg or D-Arg; and Xaagg is Tyr or 
D-Tyr; and wherein at least one D-isomer is present; and (b) 
H-Ser-Arg-Ty-Xaaji-Xaa^i-^ier-Leu-Arg-His-Xaa^^-I^u^ 

-Arg-Xaa34-Xaa35-Xaa3g-NH2, (SEQ ID NO. 4) wherein.Xaa2i is Tyr or D-Tyr; ^ Ala or 
D-Ala; Xaa27 is Tyr or D-Tyr; Xaa^p is Asn or D-Asn; Xaa3o is Leu or D-Leu; Xaagj is Val or 
D-Val; Xaa32 is Thr or D-Thr; Xaa34 is Ghi or D-Gln; Xaa^^ is Arg or D-Arg; and Xaaj^ is Tyr 
or D-Tyr; and wherein at least one D-isomer is present. 

NPY antagonists can also include compounds that activate, induce or 
otherwise increase NPY receptor output, that is, intracellular steps in the NPY signaling 
pathway following binding of NPY to fee NPY receptor, /.e., downstream events that affect 
. NPY/NPY receptor signaling, that do not occur at the receptor/ligand interaction level, NPY 
receptor agonists may include, but are not limited to proteins, antibodies, small organic 
molecules or carbohydrates, such as, for example, NPY, NPY analogs, and antibodies which 
specifically bind and activate NPY. NPY antagonists include, but are not limited to, 
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dihydropyrimidone derivatives {See, eg., U.S. Patent No. 5,889,016); naphthiniidazolyl 
derivatives (See, U.S. Patent No. 5,776,931); dimesylate salts {See, e.g., U.S. Patent No. 
5,914,329); and substituted benzofirrans, benzothiophenes or indoles (See, e.g., U.S. Patent 
No. 5,663,192). Additional NPY-R antagonists are disclosed in U.S. Patent Nos. 5,567,714, 
5,504,094, 5,670,482, 5,989,920, 5,827,853, and 5,985,616. 

Non-peptide antagonists of NPY have been disclosed in European Patent 
Applications 614 91 1, 747 357, 747 356 and 747 378, International Patent >^lications WO 
94/17035, WO 97/19911, WO 97/19913, WO 97/19914, WO 96/22305, WO 96/40660, WO 
96/12490, WO 97/09308, WO 97/20820, WO 97/20821, WO 97/20822 and WO 97/20823 
and U.S. Pat. Nos. 5,552,411 and 5,567,714. 

NPY Yl recqjtor antagonists have been reported. European Patent 
Applications 747 357, 747 356 and 747 378 disclose dihydropyridine derivatives as Yl 
sub-receptor antagonists. Intemational Patent Applications WO 96/12490, WO 97/09308 and 
U.S. Pat. No. 5,567,714 disclose benzothiophene and indole derivatives as Yl sub-receptor 
antagonists. Intemational Patent Application WO 96/40660 discloses benzylamine 
derivatives as Yl sub-receptor antagonists or partial Yl sub-receptor agonists. U.S. Pat. No. 
5,552,411 discloses quinoline derivatives as Yl sub-receptor antagonists. 

The compounds disclosed in Intemational Patent Application WO 96/22305 
are disclosed as Y2 sub-recq)tor antagonists and are also indicated for use in the treatment of 
eatmg disorders. Amongst the compounds specifically disclosed are phenylalaninamide 
derivatives of N-(diphenylpropionyl)-arginine. 

A number of NPY Y5 receptor antagonists have been disclosed. In U.S. 
Patent No, 5,968,8 1 9, preliminary results indicated that 

2-(Naphthalen-l-yl)-3-phenylpropane-l,2-diamme functions as an NPY Y5 receptor 
antagonist. A number of arylsulfonamides that act as Y5 antagonists. In PCX WO 97/19682, 
aryl sulfonamides and sulfamides derived from arylalkylamines are described as Y5 
antagonists. In PCX WO 97/20820, PCX WO 97/20822 and PCX WO 97/20823, 
sulfonamides containing heterocyclic systems such as quinazolin-2,4-diazirines and other 
quinazoUne derivatives, are likewise claimed as Y5 antagonists. US. Patent No. 6,140,354 
discloses the use of N-substituted aminotetralins as antagonists for the neuropeptide Y Y5 
receptor. 
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In accordance with another aspect of the present invention, th^ is a method 
of treating a bone disease comprising: administering to a mammal in need of said treatment a 
therapeutically effective amount of a compound that lowers the level of ERK activation and 
inositol phosphate formation, wherein the bone disease is characterized by a decreased bone . 
mass relative to that of corresponding non-diseased bone. Specific embodiments of some of 
these compounds and methods include, but are not limited to ones that inhibit or lower 
neuropeptide Y synthesis or increase neuropeptide Y breakdown, compounds that bind 
neuropq)tide Y in blood, and neuropeptide Y receptor antagonist compounds, antibodies . 
which specifically bind neuropeptide Y, antibodies which specifically bind neuropeptide Y 
receptor, and compounds that comprise soluble neuropq>tide Y receptor polypeptide 
sequences, 

A compound that lowers neuropeptide Y levels in blood serum or in 
cerebrospinal fluid is one that lowers neuropeptide Y levels in the following assay: 
contacting the compound with a cell from a neuropeptide Y expressiag cell line, preferably a 
PC 12 cell line, and determining whether NPY expression and/or synthesis is lowered relative 
to the level exhibited by the cell line in the abseace of the compomid. Standard assays such 
as Northern Blot can be used to determine levels of NPY expression and Western Blot can be 
used to determine levels of NPY synthesis. An alternate assay comprises comparing the level 
of NPY in a mammal being treated for bone disease before and after administration of the 
compound, such that, if the level of NPY decreases, the compound is one that lowers NPY 
levels. Likewise, a compound that increases neuropeptide Y levels in blood serum or in 
cerebrospinal fluid is one that increases neuropeptide Y levels via such assays. 

A compound that lowers the level of ERK activation and inositol phosphate 
formation, which are downstream effectors of NPY signaling in its target cells (Keffel et al^ 
1999, J Pharmacol Exp Ther, 291 :1172-1 178; Zheng et al, Biochem Biophys Res Comm, 
239:287-290), is one that lowers the level of activated ERK and inositol phosphate in tiie 
following assay: contacting a NPY polypeptide and the compound with a cell that e?q)resses 
a functional NPY receptor and determining the level of activated ERK and inositol phosphate 
in the cell. To determine the level of activated ERK and inositol phosphate, the cells can, for 
example, be lysed and an appropriate analysis {e.g.. Western Blot) can be performed. If the 
level of activated ERK and inositol phosphate decreases relative to the level exhibited by the 
cell line in the absence of the compound, the compound is one that lowers the level of 
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"neutralize" circulating NPY, the natural ligand for the NPY-R, can be used to effectuate an 
increase in bone mass. Similarly, such compoimds as soluble peptides, proteins, fusion 
proteins, or antibodies (including anti-idiotypic antibodies) can be used to effectuate an 
increase in bone mass. To this end, peptides corresponding to the ECD of NPY-R, soluble . 
deletion mutants of NPY-R, or either of these NPY-R domains or mutants fused to another 
polypeptide (eg., an IgFc polypeptide) can be utilized. Altematively, anti-idiotypic 
antibodies or Fab fragments of antiidiotypic antibodies that mimic the NPY-R BCD and 
neutralize NPY can be used, Altematively, compounds that inhibit NPY-R 
homodimerization such that neuropeptide Y's aflBnity for the neuropeptide Y receptor is 
decreased, also can be used. Devos et al, 1997, JBC, 272:18304-18310, For treatment, such 
NPY-R peptides, proteins, fusion proteins, anti-idiotypic antibodies or Fabs are administered 
to a subject in need of treatment at therapeutically effective levels. For prevention, such 
NPY-R peptides, proteins, fusion proteins, anti-idiotypic antibodies or Fabs are administered 
to a subject at risk for a bone disease, for a time and concentration sufficient to prevent the 
bone disease. 

In an alternative embodhnent for neutralizing circulating NPY, cells that are 
genetically engineered to express such soluble or secreted forms of NPY-R may be 
administered to a patient, whereupon they will serve as "bioreactors" in vivo to provide a 
continuous supply of the NPY neutralizing protein. Such cells may be obtained from the 
patient or an MHC compatible donor and can include, but are not limited to, fibroblasts, 
blood cells (e^., lymphocytes), adipocytes, muscle cells, endothelial cells etc. The cells are 
genetically engineered in vitro using recombinant DNA techniques to introduce the coding 
sequence for the NPY-R ECD, or for NPY-R-Ig fusion protein into the cells, by 
transduction (using viral vectors, and preferably vectors that integrate the transgene into the 
cell genome) or transfection procedures, including, but not limited to, the use of plasmids, 
cosmids, YACs, electroporation, liposomes, etc. The NPY-R coding sequence can be placed 
under the control of a strong constitutive or inducible promoter or promoter/enhancer to 
achieve egression and secretion of the NPY-R peptide or fusion protein. The engineered 
cells which express and secrete the desired NPY-R product can be introduced into the patient 
systemically, eg. , in the circulation or intraperitoneally. Altematively, the cells can be 
incorporated into a matrix and implanted in the body, e,g.y genetically engmeered fibroblasts 
can be implanted as part of a skin graft; getietically engineered endothelial ceUs can be 
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The skilled artisan recognizes that modifications of gene expression can be 
obtained by designing antisense molecules to the control regions of the neuropeptide Y or 
neuropeptide Y receptor genes, /.e. promoters, enhancers, and introns, as well as to the coding 
regions of these genes. Such sequences are referred to herein as neuropeptide Y-encoding 
polynucleotides or neuropeptide Y receptor-encoding polynucleotides, respectively. 

Oligonucleotides derived from the transcription initiation site, e.g. between - 
10 and +10 regions of the leader sequence, are preferred. Oligonucleotides that are 
complementary to the 5' end of the message, eg:, the 5' untranslated sequence up to and 
including the AUG initiation codon, generally work most eflScientiy at inhibiting translation. 
However, sequences complementary to the 3' untranslated sequences of mRNAs have 
recently shown to be effective at inhibiting translation of roRNAs as well. See generally, 
Wagner, R., 1994, Nature 372:333-335. Oligonucleotides complementary to the 5* 
untranslated region of tiie roRNA should include the complement of the AUG start codon. 
Antisense oligonucleotides complementary to mRNA coding regions are less efScient 
inhibitors of translation but could be used in accordance with the invention. Whether 
designed to hybridize to the 5 3 - or coding region of NPY or NPY-R mRNA, antisense 
nucleic acids should be at least six nucleotides in length, and are preferably oligonucleotides 
ranging from 6 to about 50 nucleotides in lengtti. In specific aspects the oligonucleotide is at 
least nucleotides, at least 17 nucleotides, at least 25 nucleotides or at least 50 nucleotides. 

Regardless of the choice of target sequence, it is preferred that in vitro studies 
are first performed to quantitate the ability of the antisense oligonucleotide to inhibit gene 
expression. It is preferred that these studies utilize controls that distinguish between antisense 
gene inhibition and nonspecific biological effects of oligonucleotides. It is also preferred that 
these studies compare levels of the target RNA or protein with fliat of an internal control 
RNA or protein. Additionally, it is envisioned that results obtained using the antisense 
oligonucleotide are compared with those obtained using a control oligonucleotide. It is 
preferred that the control oligonucleotide is of approximately the same length as the test 
oUgonucleotide and that the nucleotide sequence of the oligonucleotide differs from the 
antisense sequence no more than is necessary to prevent specific hybridization to the target 
sequence. 

The oligonucleotides can be DNA or RNA or chimeric mixtures or derivatives 
or modified versions thereof, single-stranded or double-stranded. The oUgonucleotide can be 
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In yet another embodiment, the antisense oligonucleotide is an a-anomeric 
oligonucleotide- An a-anomeric oligonucleotide forms specific double-stranded hybrids with 
complementary RNA in which, contrary to the usual P-units, the strands run parallel to each 
ofiher (Gautier et al, 1987, NucL Acids Res, 15:6625-6641). The oligonucleotide is a 
2*-0-methylribonucleotide (Inoue et al, 1987, NucL Acids Res. 15:6131-6148), or a chimeric 
RNA-DNA analogue (Inoue et al, 1987, FEES Lett. 215:327-330). 

Oligonucleotides of the invention may be synttiesized by standard methods 
known in the art, e.g. by use of an automated DNA synthesizer (such as are commercially 
available firom Biosearch, Applied Biosystems, etc.). As examples, phosphorofhioate 
oligonucleotides may be synthesized by the method of Stein et al (1988, NucL Acids Res. 
16:3209), metiiylphosphonate oligonucleotides can be prepared by use of controlled pore 
glass polymer supports (Sarin et al, 1988, Proc. Natl. Acad. Sci. U.S.A. 85:7448-7451), etc. 

While antisense nucleotides complementary to the NPY or NPY-R coding 
region sequence coxild be used, those complementary to the transcribed imtranslated region 
are most preferred. 

The antisense molecules should be delivered to cells which express the NPY 
or NPY-R in vivo. A number of methods have bem developed for delivering antisense DNA 
or RNA to cells; e.g., antisense molecules can be injected directly into the tissue site, or 
modified antisense molecules, designed to target the desired cells (e.g^., antisense linked to 
peptides or antibodies that specifically bind recq)tors or antigens expressed on the target cell 
surface) can be administered systemically. 

A preferred approach for achieving intracellular concentrations of the 
antisense sufficient to suppress traoslation of endogenous mRNAs utilizes a recombinant 
DNA construct in which the antisense oligonucleotide is placed under the control of a strong 
pol in or pol n promoter. The use of such a construct to transfect target cells in the patient 
will result in flie transcription of sufficient amounts of single stranded RNAs that will form 
complementary base pairs with the endogenous NPY or NPY-R transcripts and thereby 
prevent translation of the NPY or NPY-R mRNA, respectively. For example, a vector can be 
introduced in vivo such that it is taken up by a cell and directs the transcription of an 
antisense RNA, Such a vector can remain episomal or become chromosomally integrated, as 
long as it can be transcribed to produce the desired antisense RNA. Such vectors can be 
constructed by recombinant DNA technology methods standard in the art. Vectors can be 
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Cech, 1986, Cell, 47:207-216). The Cech-type ribozymes have an eight base pair active site 
which hybridizes to a target RNA sequence whereafter cleavage of the target KNA takes 
place. The invention encompasses those Cech-type ribozymes which target eight base-pair 
active site sequences that are present in NPY and NPY-R, 

As in the antisense approach, the ribozymes can be composed of modified 
oligonucleotides (e.g. for improved stability, targeting, etc.) and should be delivered to cells 
which express NP Y and NPY-R in vivo. A preferred method of delivery involves using a 
DNA construct "encoding" the ribozyme under the control of a strong constitutive pol m or 
pol n promoter, so that transfected cells wiU produce sufficient quantities of the ribozyme to 
destroy endogenous NPY or NPY-R messages and inhibit translation. Because ribozymes, 
unlike antisense molecules, are catalytic, a lower intracellular concentration is required for 
efficiency. 

Similarly, neuropeptide Y or neuropeptide Y receptor inhibition can be 
achieved by using ^triple helix" base-pairing methodology. Triple helix pairing compromises 
the ability of the double helix to open sufficiently for the binding of polymerases, 
transcription factors, or regulatory molecules. Techniques for utilizing triple helix 
technology are well known to those of skill in the art. See generally Helene (1991) 
Anticancer Drug Des, 6(6):569-84; Helene (1992) Ann. N,Z Acad. Sci. 660:27-36; and 
Maher (1992) Bioassays 14(12):807-15. 

Endogenous NPY or NPY-R gene expression can also be reduced by 
inactivating or "knocking out" the NPY or NPY-R gene or its promoter using targeted 
homologous recombination. {E.g., see Smithies et al, 1985, Nature 317:230-234; Thomas & 
Capecchi, 1987, Cell 51:503-512; Thompson etal, 1989 Cell 5:313-321; each of which is 
incorporated by reference herein in its entirety). For example, a mutant, non-fimctional NPY 
or NPY-R (or a completely unrelated DNA sequence) flanked by DNA homologous to the 
mdogenous NPY or NPY-R gene (either the coding regions or regulatory regions) can be 
used, with or without a selectable marker and/or a negative selectable marker, to transfect 
cells that express NPY or NPY-R in vivo. Insertion of the DNA construct, via targeted 
homologous recombination, results in inactivation of the NPY or NPY-R gene. Such 
approaches are particularly suited in the agricultural field where modifications to ES 
(embryonic stem) cells can be used to generate animal offspring with an inactive NPY-R 
{e.g, see Thomas & Capecchi 1987 and Thompson 1989, supra). However, this approach can 
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carbohydrates or other molecules which ijpon binding alter neuropeptide Y receptor structure, 
function, or homodimerization properties, and thereby render the receptor ineffectual in its 
activity. 

5.5.2, Restoration or Increase in NPY or NPY^-R Expression or Activity 
to Decrease Bone Mass 

With respect to an increase in the level of normal NPY or NPY-R gene 
expression and/or gene product activity, NPY or NPY-R nucleic acid sequences can be 
utilized for the treatment of bone disorders. Where the cause of the disorder is a defective 
NPY or NPY-R, treatment can be administered, for example, in the form of gene replacement 
therapy. Specifically, one or more copies of a normal NPY or NPY-R gene or a portion of 
the NPY or NPY-R gene that directs the production of an NPY or NPY-R gene product 
exhibiting normal function, may be inserted into the appropriate cells within a patient or 
animal subject, using vectors which include, but are not limited to, adenovirus, 
adeno-associated virus, retrovirus and herpes virus vectors, in addition to other particles that 
introduce DNA into cells, such as liposomes. 

Gene replacement therapy techniques involving NPY-R should be capable of 
delivering NPY-R gene sequences to neural cell types within patients. Thus, the techniques 
for delivery of the NPY-R gene sequences should be designed to readily cross the blood-brain 
barrier, which are well known to those of skill in the art (see, e,^., PCX application, 
publication No. WO89/10134, which is incorporated herein by reference m its entirety), or, 
alternatively, should involve direct administration of such NPY-R gene sequences to the site 
of the cells in which the NPY-R gene sequences are to be expressed. Altematively, targeted 
homologous recombination can be utilized to correct the defective endogenous NPY or NPY- 
R gene in the appropriate tissue. In animals, targeted homologous recombination can be used 
to correct the defect in ES cells in order to generate offipring with a corrected trait. 

Additional methods which may be utilized to increase the overall level of NPY 
or NPY-R gene expression and/or activity include the introduction of appropriate NPY or 
NPY-R-expressing cells, preferably autologous cells, into a patient at positions and in 
numbers which are sufiBcient to ameUorate the symptoms of bone disorders associated with 
increased bone mass. Such cells may be either recombinant or non-recombinant Among the 
cells which can be administered to increase the overall level of NPY or NPY-R gene 
expression in a patient are normal cells which express the NPY-R gene, or adipocytes, which 
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ttanscriptional or tr^tslationallevoDusinggenetherapy approaches to regulateOTY and 

NPY-R activity and treat bone disorders. Crtain approaches are described below. 

With respect to an mcrease m the level of normal NPY and NPY-R gene 
expressionand/orNPY andNPY-Rgeneprodue. aetivity.NPY and NPY-R nucleic acid 
sequences canbeutilizedforfhe^entofbone diseases. Whoettecauseofthebone 
aiseaseisadefectiveNPYorNPY-Rgen^tteatmentcanbeatoinistered.fcraunap^ur 

fte fonn of gene replacement therapy. SpecificaUy, oneormore copiesof an«maINFY or 
NPY-Rgeneoraportionofthegenethatdirecstheproducaonofageneproducte^bnmg 
^^function, may be inserted Wo .he appropiatecell^witbinapatient or animal ^biect^ 

using vectors which include, but are not Umited to adenovirus, adeno-assodated vnus, 
rettovirua^lherpes virus vectors.maddition to other panicles that totroduccDKAmto 

cells, such as liposomes. • .xmvp 

Gene replacem«it therapy technicpes should be capable of dehvenng NPY-R 

gene sequer^es .o «rese ceU types within pati^ts. Thus. Are techniques for dehvery of *c 
NPY-R ge»>se,u«cessh„uldbedesign«d.oreadily«ossfteblood-brainbamer,wbrch are 

wenknowntofhoseofskinintoart(see,..g..PCTappUoatton,pubUcattonNo. 

W089/1M34, whichis incorporatedh^dnbyreftr^ceinits «ttixety). or. alternatively. 
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should involve direct administration of such NPY-R gene sequences to the site of the cells in 
which the NPY-R gene sequences are to be expressed: 

Alternatively, targeted homologous recombination can be utilized to correct 
the defective endogenous NPY or NPY-R gene in the appropriate tissue, hi animals, targeted 
homologous recombination can be used to correct the defect in ES cells in order to generate 
offepring with a corrected trait. 

Additional methods which may be utilized to increase the overall level of NPY 
or NPY-R gene expression and/or activity include the introduction of ^propriate NPY or 
NP Y-R-expressing cells, preferably autologous cells, into a patient at positions and in 
numbers which are sufficient to ameKorate the symptoms of bone disorders, including, but 
not limited to, osteopetrosis, osteosclerosis and osteochondrosis. Such cells may be either 
recombinant or non-recombinant. Among the cells which can be administered to increase the 
overall level of NPY or NPY-R gene expression in a patient are normal cells. The cells can be 
administered at the anatomical site in the adipose tissue or in the brain, or as part of a tissue 
graft located at a different site in the body. Such cell-based gene therapy techniques are well 
known to those skilled in die art, see, e.g., Anderson, et al, U.S. Pat. No. 5,399,349; 
Mulligan & Wilson, U.S. Pat. No. 5,460,959. 

S.6. Pharmaceutical Formulations and Methods of Treating Bone Disorders 
The compounds of this invention can be formulated and administered to 
inhibit a variety of bone disease states by any means that produces contact of the active 
ingredient with the agent*s site of action in the body of a mammal. They can be administered 
by any conventional means available for use in conjunction with pharmaceuticals, either as 
individual therapeutic active ingredients or in a combination of therapeutic active ingredients. 
They can be administered alone, but are generally administered with a pharmaceutical carrier 
selected on the basis of the chosen route of administration and standard pharmaceutical 
practice. 

The dosage administered will be a therapeutically effective amount of tiie 
compound sufficient to result in amelioration of symptoms of the bone disease and will, of 
course, vary depending upon known factors such as the pharmacodynamic characteristics of 
the particular active ingredient and its mode and route of administration; age, sex, health and 
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weight ofthe recipient; nature and extent of symptoms;ld^^ 
frequency of treatment and the effect desired. 

5.6.1 PfffAT^AtPrminations 

Toxicity »=dtherapeattc efficacy of «h compounds canbedetenmnedby 

„^ pharmacouticd pr«ced„«s in ceU cdtmea or experimental animals, .g.. for 
deten.»rit.g.heIJ5„(.hedoselefhalto50%of4epop»lato)andfteED,(d.edose 

fl>erapeuticaUyeffectivei„50%oftbepopnlation).ll»doseratiobetwee„to.cand 

a^ea«ceflec*sistoth«apeuticindexandi.canb.expres^as.heraholD 

Compounds wHoh«duT,itl^etherape«ticindicesarepr.f».redWMleco^^ 

e«i.toxicsidee,rec.smayb=use4carcshouldbe.ak»..od»^.deaver,^^^^ 
t^ets such compoundsto the siteofaffic.ed.i..ueinorder«>mmnn.«po.=-.d'>-^^ 

uninfected ceUs and, thereby, reduce side effects. 

The data obtained fiom the cell culture assays and animal studies can be used 

informolaangarangeof dosage f^use^humans. ^'^'^^'^'^^^:^2l.o 
preferably mminaranseofcirculatingconc».rationstotincl„de«.ED„™.hh«leorno 

Ld.y:il>edosagenu.y vary wi^^ftis^edependhrguponthe dosage f».»^^^ 
andfherouteofadministrationutilized. For any compound used inthe method ofto 
invenUon,tbetherapeu.ioallyeflectivedosccanbeestimatediniHallyftom cell culture 
as,ays.Ado,emaybefo,mulatedinanhnalmodels.oachi.veacircula«ngplasma 
conl^tionrangetha.,ncludesme.C.(....^ooncenttationofthe test compound w 
achievesahalf-ma^i.^itionofsymp.oms)asdete™nedincellculn.e.Such 
information can be used to more accurately detennte nseM doses m humans. Uvel. m 

plasmamaybemeasured, for example, by high performance Uquid chromatography. 

Specificdosagesm^alsobeutffizedforanttbodies. T^rcally,aepre£en^ 
dosageis0.1mg*gtol00mg*gofbodyweigh.(generallyl0mg*g.o20.ng*g),andrf 

fte antibody is.oac.mthebr^,adosageof50mg*gtol00mg*gisusua.lyappro^^ 

rfthean.ibodyispartiallyhumanor*myhuman,itgcnerauywinhavealongerhatt^^ 

^to^ehumanbodyflnanoa^rantibodies. Acconlingly, lowdosages ofpart^bnman 
andlUUyhumanantibodies is ofienpossible. Additional modiiicaUonsmaybe^^^^ 
WherLiHze antibodies. For ex^l.Upidationcanbeused.ostabil,ze=.hbodres and 

^cc*.a.eandti,suepene,ra.ion(.g.,mto«>ebrain).Ame«>odfcrhprdatronof 
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antibodies is described by Cruikshank et al ((1 997) J. Acquired Immune Deficiency 
Syndromes and Human Retrovirology 14:193). 

A therapeutically effective amount of protein or polypeptide an effective 
dosage) ranges from about 0.001 to 30 mg/kg body weight, preferably about 0.01 to 25 mg/kg 
body weight, more preferably about 0. 1 to 20 mg/kg body weight, and even more preferably 
about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 6 mg/kg body weight 
Moreover, treatment of a subject with a therapeutically effective amount of a 
protein, polypeptide or antibody can include a single treatment or, preferably, can include a 
series of treatments. In a preferred example, a subject is treated with antibody, protein, or 
polypeptide in the range of between about 0. 1 to 20 mg/kg body weight, one time per week 
for between about 1 to 10 weeks, preferably betweoi 2 to 8 weeks, more preferably between 
about 3 to 7 weeks, and even more preferably for about 4, 5 or 6 weeks. 

The present invention further encompasses agents which modulate expression 
or activity. An agent may, for example, be a small molecule. For example, such small 
molecules include, but are not limited to, peptides, peptidomimetics, amino acids, amino acid 
analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide analogs, organic or 
inorganic compounds (z.e,. including heteroorganic and organometallic compqunds) having a 
molecular weight less than about 10,000 grams per mole, organic or inorganic compounds 
having a molecular weight less than about 5,000 grams per mole, organic or inorganic 
compounds having a molecular weight less than about 1,000 grams per mole, organic or 
inorganic compounds having a molecular weight less than about 500 grams per mole, and 
salts, esters, and other pharmaceutically acceptable forms of such compounds. 

It is understood that appropriate doses of small molecule agents depends upon 
a number of factors known to those or ordinary skill in the art, e.g., a physician. The dose(s) 
of the small molecule will vary, for example, depending upon the identity, size, and condition 
of the subject or sample being treated, further depending upon the route by which the 
composition is to be administered, if applicable, and the effect which the practitioner desires 
the small molecule to have upon the nucleic acid or polypeptide of the invention. Exemplary 
doses include milUgram or microgram amounts of the small molecule per kilogram of subject 
or sample weight (e.g., about 1 microgram per kilogram to about 500 milligrams per 
kilogram, about 1 00 micrograms per kilogram to about 5 miUigrams per kilogram, or about 1 
microgram per kilogram to about 50 micrograms per kilogram. 
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5.6.2 FoaaHlfltioPS andJJse 

p,_aoalc<>«positio»for«sema^rda.ccwi.ha.epre,e^«^» 

^^,e cxcipients such a. Wndtoa agents (.g., preg..a««d »^ 

wetting agen« sodi™. tanyl -Iphate). Tl>e .ableU may be coated by meft<^ weU 
~«.eal.U<,.dprepa««<»»^bro.aladn«..-ion»ay*e*efo™o^^^^^^ 
!Z,e soMons syn^scsuspenMons. or ftey may be presented as a dry p«>dno. for 
r:^:"rinro«»rs.«eveMc.ebefc.«se.Suob,Mdprep.raacnsn.aybe 

rr^byconvenUona..eanswi*pban„a«^y-p.b.e^^^^^^^ 
n:endin.asen.s,....so«.lsyrup.oeUn.osede.va.vesorby*cs^^^^ 

^nlsifying agents leoid^ or acad.)-, nc.-a,ne„- veh^les atao- -y 
esters, e.bylalcoMor»aodona.edve^.c„ys);andpreserva..v.(.g^%^^ 
p^^^-bydroxybenzoatesorsoAioadd^ll^preparaaonsnrayalsocontanrbnffasalts, 

flaTOTing coloring and sweetening agents as appropriate. , ■ . 

Pr^arations tor oral ad^istration may be suitably formnlated to g«e 
controBed release of the active compomid ,„™^M,letsor 

For buoeal administration the compositions may take 4e form of tables or 

lozenEesfonnolated in conventional mannet. 

Foradnmnst.ationbyinh^on,.hecompoundsfornseaccordmgtoa.e 

^ir.ven.on„eoonvenient.ydcUv«eaintbefo,.ofanaerosolspraypresent..ron^ 
• J 1 ... o «pT,i,lizer wilii the use of a suitable propellant, e.g., 

r— r"— — 
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or other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined 
by providing a valve to deliver a metered amount Capsules and cartridges ofe,g. gelatin for 
use in an inhaler or insufflator may be formulated containing a powder mix of the compound 
and a suitable powder base such as lactose or starch. 

The compounds may be formulated for parenteral administration by injection, 
e.g., by bolus injection or continuous in&sion. Formulations for injection maybe presented 
in unit dosage form, ag., in ampoules or in multi-dose containers, with an added preservative. 
The compositions may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contam formulatory agents such as suspending, stabilizing and/or 
dispersing agents. Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g, sterile pyrogen-free water, before use. In general, water, a 
suitable oil, saline, aqueous dextrose (glucose), and related sugar solutions and glycols such 
as propylene glycol or polyethylene glycols are suitable carriers for parenteral solutions. 
Solutions for parenteral administration contain preferably a water soluble salt of the active 
ingredient, suitable stabilizing agents and, if necessary, buffer substances, Antioxidizing 
agents such as sodium bisulfate, sodium sulfite or ascorbic acid, either alone or combined, are 
suitable stabilizing agoits. Also used are citric acid and its salts and sodium 
ethylenediaminetetraacetic acid (EDTA). In addition, parenteral solutions can contain 
preservatives such as benzalkonium chloride, methyl- or propyl-paraben and dilorobutanoL 
Suitable pharmaceutical carriers are doscdhcd in Remington's Pharmaceutical Sciences, a 
standard reference text in this field. 

The compounds may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g,, containing conventional suppository bases such as 
cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also 
be formulated as a depot preparation. Such long acting fonnulations may be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramuscular mjection. 
Thus, for example, the compounds may be formulated with suitable polymeric or 
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt. 

Additionally, standard pharmaceutical methods can be employed to control the 
duration of action. These are well known in the art and include control release preparations 
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The compositions may, 11 aesirea,Depi«»wi r . ™. v 

may for example compnse metal or plastic toil, sucn ^ 
devicemaybeaccompamedby instructioBsfor admrnistratioii. 

device may ^J^^^^^^^^ ^^^^^^ ^^^^ 3^^^,tion of ^e compoimds of 

Capsules: Cap^es»pr.p-d by filling s«ndaM.wo-p.ecch.rfgelat» 
e.ps^each,.*«.edesl.eda«»^ofpowde«dao.veln^lenU75n^Sr™of 

gelLcapsdesoontair^^^dcstod^o^. of 4.ac.vemgred.entll.e capsules a^^ 

'"'^"'"le..Ta..e«a«^a^byco.,en«o,^P— 
^Us*edesi«da.e»n.ofae«vel.g«.e..O..»of.Mdalsm»n^^^^ 

. o^s^iiiiioramsofmicrocrystallme cellulose, 11 
rriillWamsofmamesiumstearate, 275 milligrams oimiuiu y 

:^^:Lla.cha.d,S.S„.Ulg™.o~^«^c»«nSS„»y^app.ed 

^.tereaaepalatabilityortodelayabsoiption. _ , ^i^a^^byi^eettonis 

Injectable: A parenteral compositron smtable for admrnistration «y 
,^aredbystolnsl.5%'^wel^.ofac.iveingredieotsinlO./.byvol«.n.^^^^^ 
andwaterlhesolutionismadeisotomcwiflisoditunchlorideandsterted 

Suspension^Ma^u^^st^en^ionispreparedfororaladn^onso^ 

^.^llntai^lOOn^of finely div.dedao.ivelngredle„t,200n^^ 
^i;ca*o.y.e..yloeBu,„s.5n*ra»sofsod^nnben.a..l.0.an.ofso^^^ 

soMon U.S J. and 0.025 nollimeters of vamttn. 
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Gene Therapy Admmistratioii: Where appropriate, the gene therapy vectors 
can be formulated into preparations in solid, semisoHd, liquid or gaseous forms such as 
tablets, capsules, powders, granules, ointments, solutions, suppositories, injections, inhalants, 
and aerosols, in the usual ways for their respective route of administration. Means known in 
the art can be utilized to prevent release and absorption 6f the composition until it reaches the 
target organ or to ensure timed-release of the composition. A phannaceutically acceptable 
form should be employed which does not ineffectuate the compositions of the present 
invention. In pharmaceutical dosage forms, the compositions can be used alone or in 
appropriate association, as well as in combination, with other phannaceutically active 
compounds. 

Accordingly, the pharmaceutical composition of the present invention may be 
delivered via various routes and to various sites in an animal body to achieve a particular 
effect (see, e,g., Rosenfeld et al (1991), supra; Rosenfeld et al, Clin. Res., 3 9(2), 31 lA 
(1991 a); Jaffe et aly supra; Berkner, supra). One skilled in the art will recognize that 
although more than one route can be used for administration, a particular route can provide a 
more immediate and more effective reaction than another route. Local or systemic delivery 
can be accomplished by administration comprising application or instillation of the 
formulation into body cavities, inhalation or insufflation of an aerosol, or by parenteral 
introduction, comprising intramuscular, intravenous, peritoneal, subcutaneous, intradermal, , 
as well as topical administration. 

The composition of the present invention can be provided in unit dosage form 
wherein each dosage unit, e,g.^ a teaspoonful, tablet, solution, or suppository, contains a 
predeterinined amount of the composition, alone or in appropriate combination with other 
active agents. The term *^mit dosage form" as used herein refers to physically discrete units 
suitable as unitary dosages for human and animal subjects, each unit containing a 
predetermined quantity of the compositions of the present invention, alone or in combination 
with other active agents, calculated in an amount suflBicient to produce the desired effect, in 
association with a phannaceutically acceptable diluent, carrier, or vehicle, where appropriate. 
The specifications for the unit dosage forms of the present invention depend on the particular 
effect to be achieved and the particular pharmacodynamics associated with the 
pharmaceutical composition in the particular host. 

Accordingly, the present invention also provides a method of transferring a 
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„al«mativcro».«b.own^mo.^M ^^^^^^^^ . 

^Uoation. The •■rfWve amomf of m= compc^m ^ 

^B^«^c-.o..=«.oa o.^- ^^^^^^ 
toatastcencanbemomwedmtamsofatherape ^j<„„<,fto 

-^-^^^^^ 
tramferredgeaeorexpressionofthegenewi ^hybridizations, or 

.actioninconi^ctionwit.se.ueacir.g,K^^^^ 
.a^cripUonassa......— 

...body-.ediateddetec.on,:^^^^^ 

detect protein or polypeptide encoded by Hie transterr 

function due to such transfer). inclusive and fiffther 

These methods described herein are by no means aU-mclusxve an 

. J- -J oi^iffrrencesinpharmacokmetcs.drugaispobiuvu, 
depending on intermdividual differences m p ^^^^^^ 
. t. 14cm ^UmilarlY amounts can vary m zn ntro apphcations ucp ^ 

ceUUne). Furthermore, theamountofvectortobe P ^ nature of 

to limit me scope of the invention in any manner. 
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6 EXAMPLE! MODULATION OF BONE MASS BY NPY SIGNALING 

The results shown herein demonstrate that modulation of NPY signaling can 
be used to modulate bone mass, and therefore bone disease characterized by increased or 
decreased bone mass relative to that of corresponding non-diseased bone. The results shown 
herein demonstrate that direct administration of NPY into the brains of wild type rats causes a 
decrease in bone volume and bone mass as compared with control, PBS-treated mice. 

6.1 Generatioii. Characterization and Treatment of Animals 
Breeders and mutant mice (C57BL/6J Lep**, C57BL/6J Lepr* C57BL/6J 

AVa) were purchased fiom the Jackson Laboratory. Generation of A-ZEP/F-I transgenic mice 
has been previously reported. (Moitra etal, 1998, Genes Dev 12, 3168-3181). Genotyping 
was performed according to established protocols (Chua et al, 1997, Genomics 45, 264-270; 
Moitra e/flf/., 1998, Genes Dev 72, 3168-3181; Namae a/,, 1998, Lab Animal Sci^<?, 103- 
104). Animals were fed a regular diet (Purina #5001) or, when mdicated, a high fat/high 
carbohydrate diet (Bio-serv # F3282), Bone specimens were processed as described (Ducy et 
al, 1999, Genes Dev 13, 1025-1036). 

6.2 Histologic and Histomorphometric Analyses . 

Histological analyses were performed on undecalcified sections stained with 
the von Kossa reagent and counterstained with Kemechtrot (Amling et al, 1999, 
Endocrinology, 140: 4982-4987). Double labeliag technique with calcein has been described 
(Amling etal, 1999, Endocrinology, 140: 4982-4987). Static and dynamic 
histomorphometric analyses were performed according to standard protocols (Parfitt et al^ 
1987, J Bone Min Res, 2:595-610) using the Osteomeasure Analysis System (Osteometries, 
Atlanta). Statistical differences between groups (n=^ to 6) were assessed by Student's test, 

6.3 Intracerebroventricul^ r rnfnsinn 

Animals were anesthetized with avertin and placed on a stereotaxic instrument 
(Stoelting). The calvaria was exposed and a 0.7 mm hole was drilled upon bregma. A 28- 
gauge cannula (Brain infusion kit n, Alza) was implanted into the third ventricle according to 
the following coordinates: midline, -0.3 AP, 3 mm ventral (0 point bregma). The caimula was 
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(Atea) placed ia the ted subcutaneous ^acc of tto ammd. TO « 
^ (75 ugte) ofOTY (Sis"") orPBS for 28 days. 

Theissueofwhe.herl^b«ding.oi,ar«e^rwouldaf!«bo«»a.was 

, n -fi oiK, PR<! or NPY was deUvered as discussed above, m 
e^aminedintbisexample. ^^^^^^^^^^ 
Secion 6.3. The pumps were left m place for 28 days ana 
nprformed to measure the bone formation parameters. 

^ealaaalysiswaaperto^edasde^b^above. Kgurelabowsa 



decrease 
treated mice. 



tabone«,lumeandbo,«.Masto4eKPY-.rea.edmiceaacon^ar.d«ithfl.ePBS- 



7.1 M yy VI rtceolor 

SEQ ID NO: 5, AccessionNo. XM_003627 
1 cattcccacc cttccttctt taataagcag gagcgaaaaa gacaaattcc aaagaggatt 
61 gttcagttca agggaatgaa gaattcagaa taa«ttggt aaatggattc caatalgggg 
121 aataagaataagctgaacagttgacctgctttgaagaaacatactgtccatttgtctaaa 

181 ataatctata acaaccaaac caatcaaaat gaattcaaca ttatmccc aggttgaaaa 
241 tcatt«>gtc cactctaat. tctcagagaa gaatgcccag cttctggctt ttgaaaatga 
301 tgattgtcat ctgecettgg ceatgatatt taccttagct cttgcttatg gagctgtgat 
361 cattcttggtgtcU^tggaaacctggccttgatcataatcatottgaaacaaaaggagat 
421 gagaaatgtlaccaacatcotgattgtgaaectttecttcl»:agacttgcttgttgccat 
481 catgtgtetccectttacatttgtctacacattaatggacoaetgggtctttggtgaggc 
541 gatgtgtaagttgaatccttttgtgcaatgtgtttcaatcactgtgtccattttctctct 
601 ggttclcatt gctgtggaac gaoatcagct gataatcaac cctegagggt ggagaccaaa 
661 taataga^t gcltatgtag gtattgctgt gatttgggtc cttgctgtgg cttcttcttt 
721 geotttcctgatdaccaagtaatgactgatgagccgttccaaaatgtaacacttgatgc 
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781 gtacaaagac aaatacgtgt gctttgatca atttccatcg gactctcata ggttgtctta 
841 taccactctc ctcttggtgc tgcagtattt tggtccactt tgttttatat ttatttgcta 
901 cttcaagata tatatacgcc taaaaaggag aaacaacatg atggacaaga tgagagacaa 
961 taagtacagg tccagtgaaa ccaaaagaat caatatcatg ctgctctcca ttgtggtagc 
1021 atttgcagtc tgctggctcc ctcttaccat ctttaacact gtgtttgatt ggaatcatca 
1081 gatcattgct acctgcaacc acaatctgtt attcctgctc tgccacctca cagcaatgat 
1141 atccacttgt gtcaacccca tattttatgg gttcctgaac aaaaacttcc agagagactt 
1201 gcagttcttc ttcaactttt gtgatttccg gtctcgggat gatgattatg aaacaatagc 
1261 catgtccacg atgcactcag atgtttccac aacttctttg aagcaagcaa gcccagtcgc 
1321 tattaaaaaa ctccacatca atgatgataa tgaaaaaatt tgcaactact tatagcctat 
1381 ggtccccgga tgacatctgt t 

X SEQ ID NO: 6, Accession No. XP_003627 
1 MNSTLFSQVE NHS VHSNFSE KNAQLLAFEN DDCHLPLAMI FTLALAYGA V IILGVSGNLA 
61 LimLKQKE MR2mMLIV NLSFSDLLVA IMCLPFTFVY TLMDHWVFGE AMCKLNPFVQ 
121 CVSnVSIFS LVLIAVERHQ LIINPRGWRP NNRHAYVGIA VIWVLAVASS LPFLIYQVMT 
181 DEPFQNVTLD AYKDKYVCFD QFPSDSHRLS YTTLLLVLQY FGPLCFIFIC YFEOVmLKR 
241 RIWMMDKMRD NKYRSSETKR INIMLLSIVV AFAVCWLPLT IFNTVFDWNH QIIATCNHNL 
301 UFLLCHLTAM ISTCVNPIFY GFLNKNFQRD LQFFFNFCDFRSRDDDYETI AMSTMHSDVS 
361 TTSLKQASPV AIKKLHINDD NEBaCNYL 

7.2 NPYY2 receptor 

SEQ ID NO: 7, Accession No. XM_.003466 
1 tatcctatcc ctatcctagc ttttaacctg agccagagct cactacacag gttcctggct 
61 atcgagtctg aatctgcact actcaactta taaactgtct gcagacacct gttagggaaa 
121 ttgctgatca tgggcagcag gatctgaact cgctttacct tctcgtttgg agcacaggga 
181 ccgcccagct agaggagcac cagcgcactg cgccccagcc ctgggcgagg gtgcggagga 
241 tttgttotcg gtgcaatcct gctggcgctt ttccggggtt ctgcgcggat ccagctcccc 
301 atctctgctc ctacacacac aaaagaaaac aactctcgat tggaagttgt ggaattttct 
361 cagcccctac gaggcgcggg gattctccag ccccggccct cctcccgcca gcctgaggtc 
421 tccttcgctc gcctgccttg ctagggaccg cagtccctca gccgcagctg ggtctgtccg 
481 ccccgccttt gccctcgcct tttcccgggg cggatttggt gaagtcggcc tcaagtccag 
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541 g,ggtetg.ottcgcoggg=o.gcte.cgcgs^ggSg8gtaPB-8=«eS«»SaB 

601 attog^p.gggaaggg.8^^""-^^"""'^, 
661.ggoae.g.aggtgaeai^g-grt^^8gotggggacocgcgagggggcgco 

721c*.gggUggg«<=Wtgag=eg^8P-8Cccgggaggcggo.gagagaccctg 
781 gac«tgttcc.gctccotegcca»««.ottoW«agtoccolcocctgc.ggao 
841 oatogcccgc agcctotgcacotgtttU*tgtgWaagggtggggtttg«c<«tcc 
901 ocacgctccc atctclgato cttcoa«tt cacccg«oa ccocgcgagt gagtgoggtg 
961 cco.gg.gogcttggcotgagaggecgg=agoag«ccggcagogco«cgc«agccg 

1021«o.ocggotgoccgcocgcgcggogcgggctgWg8ao«ttgg.^ 
1081 oggaaccgga cttgcctttg ggcaccttoc agggccctet ccaggteggo tggotaatca 
1141 toggacagac ggaotgcaca catcttgttt ccgcgWc. gcaaaaacgc gaggl»>agg 
1201teagttgtagaetettgtgc.ggttgo^g«caagtSgaoetg.actgaaaalgggWa 

1261at.gg*«gaggoWagaaccagacagtggaagaaatgaagg.ggaacaa^gSg 
1321 ccacaaacaa c.cctagaggtgaa.tggtecc.gaccctgagccagagctte.agaugt 

laSlaccaagotgattgaggtacagBgttCcatattggcctactgctecatcaWgctt 

1441 gggglaattg gcaactcott ggtgaWat gtggtgatea aatlcaagag catgcgcaca 
1501 gtaaocaact ttttcattgc caawggct gtggcagato ttttggtgaa caolotgtgt 

1561 ctaccgnca ctottaoctataccttaatg ggggaglggaaaatgggtoo tgtcotgtgc 
,621caco.ggtgcc*«cocagggcctggcag.acaag«coaoaa«.octtgacag.a 

1681 attgccotgg accggcacag gtgcatcgte ..ccacCag agagcaagat ctccaagoga 
1741 ateagcttcc tgattattgg ottggcctgg ggcaWtg c«tgCggo aaglcccctg 
1801 gccatettcc gggagtattc gctgattgag atcatcccgg actttgaga. tgtggcctgt 
1861ac,gaaaag.ggcctggcgaggagaagagoaWatggcactgtctaUgtctttcttcc 

1921 ttgttgatct tgtatgtm gcctctgggc attatatcal tttectacac togca«gg 
magtaaattgaagaaocatgtcagtcctggagctgcaaatgaccacteccateagcgaagg 

2041 caaaaaaccaocaaaatgctggtgtgtgtggtggtggtgtttgcggtcagctggclg"* 
2101 Cccatgcct ttcagcttgc cgttgacatt gacagccagg tectggacc, gaaggagtac 
2161 aaactcatot tcacagtgtt ccacatcatc gccatgtgct ccacttttgc caatcccctt 
^ 2221 c.<«ggctggatgaacagcaac.a<.gaaaggctttcc«.cggco«ccgctg.gag 
2281 cagcggSggatgccattcaCCgagg^tecgteaoat^ggCaaaaagaacctg 
2341 gaggUagaaagaacag«gcocc.a.gacte«cacagaggcUccaa.gte«gga 
2401agetgtggtgtgaaa..gtetggatgaattCgaccagagc«gaa.ctg^gatggc 
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2461 ggctcacaag tgaaaactga tttcccattt taaagaagaa gtggatctaa atggaagcat 
2521 ctgctgttta attcctggaa aactggctgg gcagagcctg tgtgaaaata ctggaattca 
2581 aagataaggc aacaaaatgg tttacttaac agttggttgg gtagtaggtt gcattatgag 
2641 taaaagcaga gagaagtact tttgattatt ttcctggagt gaagaaaact tgaacaagaa 
2701 attggtatta tcaaagcatt gctgagagac ggtgggaaaa taagttgact ttcaaatcac 
2761 gttaggacct ggattgagga ggtgtgcagt tcgctgctcc ctgcttggct tatgaaaaca 
2821 ccactgaaca gaaatttctc cagggagcca caggctctcc ttcatcgcat tttgattttt 
2881 ttgttcattc tctagacaaa atccatcagg gaatgctgca ggaaacgatt gccaactata 
2941 cgaatggctt cgaggagata aactgaaatt tgctatataa ttaatatttt ggcagatgat 
3001 aggggaactc ctcaacactc agtgggccaa ttgttcttaa aaccaattgc acgtttggtg 
3061 aaagtttett caactctgaa tcaaaagctg aaattctcag aattacagga aatgcaaacc 
3121 atcatttaat ttctaatttc aagttacatc cgctttatgg agatactatt tagataacaa 
3181 gaatacaact tgatactttt attgttatac ctttttgaac atgtatgatt tctgttgtta 
3241 1 

SEQ ID NO: 8, Accession No. XP_.003466 
1 MGPIGAEADE NQTVEEMKVE QYGPQTTPRG ELVPDPEPEL IDSTKLIBVQ WULAYCSI 
61 ILLGVIGNSL VIHWIKFKS MRTVTNFFIA NLAVADLLVN TLCLPFTLTY TLMGEWKMGP 
121 VLCHLVPYAQ GLAVQVSTIT LTVIALDRHR OVYHLESKI SBCRISFLIIG LAWGISALLA 
181 SPLAIFREYS LIEIIPDFEI VACTEKWPGE EKSIYGTVYS LSSLLILYVL PLGHSFSYT 
241 RIWSKLKNHV SPGAANDHYH QRRQKTTKML VCWWFAVS WLPLHAFQLA VDDDSQVLDL 
301 KEYKLIFTVF HIIAMCSTFA NPLLYGWMNS NYRKAFLSAF RCEQRLDAIH SEVSVTFKAK 
361 KNLEVRKNSG PNDSFTEATN V 

7.3 NPYY3 receptor 

SEQ ID NO: 9, Accession No. NM_003467 
1 gtttgttggc tgcggcagca ggtagcaaag tgacgccgag ggcctgagtg ctccagtagc 
61 caccgcatct ggagaaccag cggttaccat ggaggggatc agtatataca cttcagataa 
121 ctacaccgag gaaatgggct caggggacta tgactccatg aaggaaccct gtttccgtga 
181 agaaaatgct aatttcaata aaatcttcct gcccaccatc tactccatca tcttcttaac 
241 tggcattgtg ggcaatggat tggtcatcct ggtcatgggt taccagaaga aactgagaag 
301 catgacggac aagtacaggc tgcacctgtc agtggccgac ctcctctttg tcatcacgct 
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.^to^te ccRtggcaaa ctggtacttt gggaacttcc tatgcaaggc 
361tcccttctgggcagttgatgccgtggcaaa ^ ^^^..^cag 

, ^ t«t.atrt^.caca2tcaacctctacagcagtgtcctcaiccxgB 
42Ug.ccatgtoateWao.gt ^^^^ ^ 
181tctai!accgctacotggscategKcaogc«Kc^» . „ 

; gaals gtgg.c«ttggcgto.SS*cotgcc~"™ 
1« ccaaCcag-gag^tS— 

.eU.a.gaCStsgS.Sg-S.^^'— 

721 ttgUttgtc atcctgtcct gc.attgcaltateato« aagctgjcac 
,™gcgoaaggccc.c3agaccaoagU>a.cc..tec«sc«« 

U.^^^ ggateagcatcgaotec^c a«.cCgg aaaU^.^ 
ror^gagms^aacacwacaag^gantccateaccgaggcccugc 
901 gcaagggigi B 6 6 & ctteaaecca aatttaaaac 

1321 tgrncatat Wgtg.ctaggcaggacCg.ggccaa^«t^t^^ 

^ ,rf,Maaaia!gaaclgaacattccagagogtgtagtgaatcacgta 

13S1 —^^""'^^"^l.^^cg.ggaaogt 

1 441 aaectagaaa tgatccccag ctgtttatgc aiagauw 

Z r«0C^c..aagacgt gatWgctg«8aagatgEcac«a«ccaaagcccaa 

I«.tg.a«aag.t^aaaag.aca.g«aaac«ac»ag.g«g 
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7.4 NPYY4 receptor 

SEQ ID NO: 1 1, Accession No. NM_005972 
1 atgaacacct ctcacctcct ggccttgctg ctcccaaaat ctccacaagg tgaaaacaga 
61 agcaaacccc tgggcacccc atacaacttc tctgaacatt gccaggattc cgtggacgtg 
121 atggtcttca tcgtcacttc ctacagcatt gagactgtcg tgggggtcct gggtaacctc 
181 tgcctgatgt gtgtgactgt gaggcagaag gagaaagcca acgtgaccaa cctgcttatc 
241 gccaacctgg ccttctctga cttcctcatg tgcctcctct gccagccgct gaccgccgtc 
301 tacaccatca tggactactg gatctttgga gagaccctct gcaagatgtc ggccttcatc 
361 cagtgcatgt cggtgacggt ctccatcctc tcgctcgtcc tcgtggccct ggagaggcat 
421 cagctcatca tcaacccaac aggctggaag cccagcatct cacaggccta cctggggatt 
481 gtgcteatct gggtcattgc ctgtgtcctc tccctgccct tcctggccaa cagcatcctg 
541 gagaatgtct tccacaagaa ccactccaag gctctggagt tcctggcaga taaggtggtc 
601 tgtaccgagt cctggccact ggctcaccac cgcaccatct acaccacctt cctgctcctc 
661 ttccagtact gcctcccact gggcttcatc ctggtctgtt atgcacgcat ctaccggcgc 
721 ctgcagaggc aggggcgcgt gtttcacaag ggcacctaca gcttgcgagc tgggcacatg 
781 aagcaggtca atgtggtgct ggtggtgatg gtggtggcct ttgccgtgct ctggctgcct 
841 ctgcatgtgt tcaacagcct ggaagactgg caccatgagg ccatccccat ctgccacggg 
901 aacctcatct tcttagtgtg ccacttgctt gccatggcct ccacctgcgt caacccattc 
961 atctatggct ttctcaacac caacttcaag aaggagatca aggccctggt gotgacttgc 
1021 cagcagagcg cccccctgga ggagtcggag catctgcccc tgtccacagt acatacggaa 
1081 gtctccaaag ggtccctgag gctaagtggc aggtccaatc ccatttaa 

SEQ ID NO: 12, Accession No. NP_005963 

1 MNTSHLLALL LPKSPQGEMl SKPLGTPYNF SEHCQDSVDV MVFIVTSYSI ETWGVLGNL 
61 CLMCVTVRQK EKANVTNLLI ANLAFSDFLM CLLCQPLTAV YTIMDYWIFG ETLCKMSAFI 
121 QCMSVTVSIL SLVLVALERH QLIINPTGWK PSISQAYLGI VLIWVIACVL SLPFLANSIL 
181 ENVFHKNHSK ALEFLADKW CTESWPLAHH RTIYTTFLLL FQYCLPLGFI LVCYARTYRR 
241 LQRQGRVFHK GTYSLRAGHM KQVNWLWM WAFAVLWLP LHVFNSLEDWHHEATPICHG 
301 NLIFLVCHLL AMASTCVNPF lYGFLNTNFKKEIKALVLTC QQSAPLEESE HLPLSTVHTE 
361 VSKGSLRLSGRSNPI 
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SEQ IDNO: 13, AccesaonNo. U94320 

ni .a.«.gc.gccac.cgg..Wsa«occag«gggatg>o.at..aa^gtgt 
,81 agalgacttacagU«tc,gat.6g^to.a.aoa«^.agt*ttggo«at 
241 ggggaalctacttattttaatggotc«ga^8=g'»»»8aagaotaoggl^ 

301 cttoeteataggoaatctggocWo^aWcttggttgtgotgWBCto™-* 
JWeacaotgacgWcttgctgPt^agtggatgmggPaaagtcaWgocatatta. 
421gccttW.caatgtgtgtcag«tggtttcaao«.aa»maaUtoaa«gccat 
ASUgtcaggtatcaWgataaaacat^tatc-aatttaacagcaaacoat^cU 
541 c«:tga.ago«gtCgga»ctagg««gcca.ctgt.ctocccttccag.gtt 

601«a«««ttgtBgaact.caagaaac.t..g^agca«gc.gagcaSC^^^^^ 
m a.g.g«gagtcatsgcoatc.gattcaBcagaattgcctt.ac«o«a«gct 

721agtt»gWattctg«o..ag«gte.«o.g.aagtca.acaagtgtc.gcagaag 
,SlUUagc.gtgga«gtcoaaoaaag=,aacagac«gaagaaaa.gagatgatcaac^^ 
841 aao.ot»aleca.ccaaaaagagtgggccteagg.gaaa«tc*o.ggcag— 
901 gagMancattoa.caaaaaacacagaagaagaWagcaagaagacagca.gtg.gtt 
Salacc^C^agaaagaccttc^gagaaccaCccagaa^Ucagaaaaorngg 
1021 c.o.g«gaag.cagc».cttcateagUag..ca.accagggg.ccoc»^^ 
1081 ,gaga.aaaacc.gaagaaaa.«agatg.«g.attgagag.aa.acgttc.^ 
1141 aagaa.aaaaaagagaWcgaag.gtttto.acagaCgacca.aCgatattagW. 
120Ugc.gttag..gga.gcoac.aoacc«.cca.g.gg.aac.gattttaa.gaca^. 
1261«tt«aaa.aggcamcaagttgg.g.attgcamg.catt.gttgggca.gat^ 
,321 cgttg^ aatccaattc ..Wgggtt .cttaa- gggattaaag c.gatt.ag. 
1381 gtcccttata cactgKttc ato.gBato attctcadg ttt 

SEQ ID NO: 14, AccessionNo. AAC51295 ,^,„^vsLLGFMaNL 
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241 GLSNKENRLE ENEMINLTLH PSKKSGPQVK LSGSHKWSYS FDCKHRRRYS KKTACVLPAP 
301 ERPSQENHSR ILPENFGSVR SQLSSSSKFI PGVPTCFEIK PEENSDVHEL RVKRSVTRIK 
361 KRSRSVFYRL TILILVFAVS WMPIJJLFHVV TDFNDNLISN RHFKLVYaC HLLGMMSCCL 
421 NPILYGIT.NN GIKADLVSLI HCLHM 

7.6 NPYY6 receptor 

SEQ ID NO: 15, Accession No. XM^004029 
1 ttgataggga tagaaacaca tttggctgct tctatagtta acaagatgct gttacattcc 
61 ttgcctcact agctctgaag actatactag cgggacaaag aaagcacctg agatgagctg 
121 agaggagggt aaaggtacac agagatcccc tggatatttg ttctatgtcc tctcaggggc 
181 tttgctacca ctagagaatt atccatatta agaacttgca ttgatattct gggttctgtt 
241 tcatttttta gggtctcaag agcacgctca agtcattcac atgtttccat caaatacaga 
301 cacagatcag ggaagattaa accctactaa tttctcgtcg gatgcctcac aacaaggtgc 
361 cttccaagaa ctaatggcca aaatatccac ccacaacaca aataagctta gaaaatctct 
421 tcttacaatc ctgacacaat ggaagtttcc ctaaaccacc cagcatctaa tacaaccagc 
481 acaaagaaca acaactcggc atttttttac tttgagtcct gtcaaccccc ttctccagct 
541 ttactcctat tatgcatagc ctatactgtg gtcttaattg tgggcctttt tggaaacctc 
601 tctctcatca tcatcatctt taagaagcag agaaaagctc agaatttcac cagcatactg 
661 attgccaatc tctccctctc tgataccttg gtgtgtgtca tgtgcatcca ttttactatc 
721 atctacactc tgatggacca ctggatattt ggggatacca tgtgcagact cacatcctat 
78 1 gtgcagagtg tctcaatctc tgtgtccata ttctcacttg tattcactgc tgtcgaaaga 
841 tatcagctaa ttgtgaaccc ccgtggctgg aagcccagtg tgactcatgc ctactggggc 
901 atcacactga tttggctgtt ttcccttctg ctgtctattc ccttcttcct gtcctaccac 
961 ctcactgatg agcccttccg caacctctct ctccccactg acctctacac ccaccaggtg 
1021 gcctgtgtgg agaactggcc ctccaaaaag gaccggctgc tcttcaccac ctcccttttt 
1081 ctgctgcagt attttgttcc tctaggcttc atcctcatct gctacttgaa gattgttatc 
1141 tgcctccgca ggagaaatgc aaaggtagat aagaagaagg aaaatgaggg ccggctcaat 
1201 gagaacaaga ggatcaacac aatgttgatt tccatcgtgg tgacctttgg agcctgctgg 
1261 ctgccccgaa tatcttcaat gtcatctttg actggtatca tgaggtgctg atgagctgcc 
1321 accacgacct ggtatttgta gtttgccact tggttgctat ggtttccacaftgtataaacc 
1381 ctctctttta tggctttctc aacaaaaatt tccaaaagga cctggtagtg cttattcacc 
1441 actgctggtg cttcacacct caggaaagat gtgaaaatat tgccatctcc actatgcaca 
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1 501 cagactccaa gaggtcttta agattggctc gtataacaac aggtatatga aaattgataa 
1561 tgctgaagct cttcttgaat gggagctgga caggtaatgg tgggaatagg gcaagatgca 
1621 gaaagaagaaaccagaaccaaaaatagcaactttatacccacttttcctttaggctaaga 

1681 ctgcctgtct catatgtctatccaacacac cctccaacat acacgaacac acataccacc 
1741 ccttttctcttaagaaaataactctaataattcaaacaac ctgcccgcca tcatttgtgg 
1801 caaagaatgagaatgagaaagcagagagagaggcaaacagcagtgatggc tggggaacaa 
1861tgttcacagatacttttattcaatggaatatctacaaaagttatgactaatgatatgcct 

1921 agtaaaaaca ctgctatacc tccttagcac tg 

SEO ID NO: 16, AccessionNo. XP_004029 

AU patents andpubUcations me.tfioned in the specificadons are indicative of 
tt^levela „fd«eskinedin*earttowUchtheinvenaonpertai.s.Mpaten.a^d 

One*iUedtatheartre.dilyappteciatea.hattl>epa.e«.mven,>on>s«ll 

adapted to carry o.the *jectiv. andoHaintheenda andadva^sc. »ent™^-^^ 

Z Wrerent therein. «PV,^Vrecept«.NPYantibcdi.a.NP«.I^~--- 

p^eutical conrpo^itions, .eat^cnta. n^ethods. p»cednrea and — ^ 

le^arepreaen.lyrepresentativeofflrepref.nedcn^odinr^."-"'*^*^^^^^^ 
^entplaryaMarenotintended as limitaaonsome scope. C^esthere-nandotet^^ 

rr.o.i»aesHUedi.*ear.wHcta.e«con>paaaedwi*in«tespiri.ofthe — 
or defined by the scope of the pending claims. 
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WHAT IS CLAIMED IS : 

1 . A method of treating a bone disease comprising: 

administering to a mammal in need of said treatment a therapeutically effective amount of a . 
compound that lowers NPY level in blood serum, wherein the bone disease is characterized 
by a decreased bone mass relative to that of corresponding non-diseased bone. 

2. The method of claim 1, wherein said NPY level is lowered by lowering 
NPY synthesis. 

3. The method of claim 2, whereiu said compound is an atitisense, 
ribozyme or triple helix sequence of a NPY-encoding polynucleotide. 

4. The method of claim 1, wherein said bone disease is selected from the 
group consisting of osteoporosis, osteopenia, and Paget's disease. 

5. A method oftreating a bone disease comprising: 

administering to a mammal in need of said treatment a therapeutically effective amount of a 
compound that lowers NPY level in cerebrospinal fluid, wherein the bone disease is 
characterized by a decreased bone mass relative to tiiat of corresponding non-diseased bone. 

6. The method of claim 5, wherein said compound binds NPY in blood. 

7. The method of claim 6, wherein said bone disease is selected from the 
group consisting of osteoporosis, osteopenia, and Paget's disease. 

8. A method oftreating a bone disease comprising: 

administering to a mammal in need of said treatment a therapeutically effective amount of a 
compound, wherein the bone disease is characterized by a decreased bone mass relative to 
that of corresponding non-diseased bone, and wherein the compoxmd is selected from the 
group consisting of: an antibody which specifically binds NPY, a soluble NPY receptor 
polypeptide, and derivatives of naphthalenes, benzofuran, benzothiophenes and indoles; 
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raloxifene- M4-methoxyphenyl)4-[4-(2.pyrroK^^ 

raloxiteiie,^'* i. . „wi 4 r4-a-pyrrolidin-l-ylethoxy)benzoyl]- 

12-daivdronaphthalene, citrate salt; 3-phenyl-4-L4tzpyrr , „ 

i;2-din.yaromip , , a r4-r2-t)YrroUdin-l-ylethoxy)benzoyl]- 

'7m,.thoxv-12-dihydronaphthalene;3-phaiyl-4-L4-t/pyrrou 

7-methoxy i,z-amyui v i „iptiinyv^beiizoyll-2-plienylnapMialene, citrate. 

aamhonaphthalene, mesylate salt-, 3-(4-methowhenyl)-4- 

aydronaphfhalene. m^yWe salt; H*-n.=*oxyphenyl)-4-[4- 

3r-«ylW4-P*y»Hdln.-yl)e«»^«^ 

mesylate salt. 

9. The method of claim 8 . wherein said antibody is a monoclonal 

antibody. 

10. ^memodofclai«8.whereinsaida^bodyisata«aaorohtaerio 



antibody, 

11. 

antibody. 



T^, method of claim 10, wherein said antibody is ahmanized 
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12. The method of claim 8, wherein said bone disease is selected from the 
group consisting of osteoporosis, osteopenia, and Paget's disease. 

13. A method of treating a bone disease comprising: 

administering to a mammal in need of said treatment a therapeutically effective amount of a 
compound that lowers the level of inositol phosphate or extracellular signal-regulated kinase, 
wherein the bone disease is characterized by a decreased bone mass relative to that of 
corresponding non-diseased bone. 

14. The method of claim 13, wherein said compound is a NPY receptor 

antagonist. 

15. The method of claim 14, wherein said NPY receptor antagonist is 
selected from the group consisting of: a-alkoxy and a-thioalkoxyamide compositions; 
dihydropyridine based compoxmds; substituted benzylamine derivatives; dihydropyrimidone 
derivatives; naphthimidazolyl derivatives; dimesylate salts); and substituted benzofiirans, 
benzothiophenes or indoles. 

16. The method of claim 14, wherein said NPY receptor antagonist is an 
antibody selected from the group consisting of an antibody which specifically binds NPY and 
an antibody which specifically binds NPY receptor. 

17. The metliod of claim 13, wherein said bone disease is selected from the 
group consisting of osteoporosis, osteopenia, and Paget^s disease. 

18. The method of claim 1, 5 or 13 further comprising administering to the 
mammal a ther^eutically effective amount of a selective estrogen receptor modulator. 

19. The method of claim 18, wherein said selective estrogen receptor 
modulator is estradiol. 

20. A method of preventing a bone disease comprising: 
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diseased bone. 

21 . The me&od of claim 20. wherein said NPY level is lowered by 
lowering TSIPY synthesis. 

22. The method of claim 21. wherdn said compound is an aatisense, 
ribo^e or triple helix sequence ofaNPY-e^codingpolynucleotida 

23. me method of claim 20, wherein said bone disease is selected fiom the 
group consisting of osteoporosis, osteopenia. andPaget's disease. 

24 A method of preventing abone disease comprising: 
administeringtoamannnalatris.forthebonediseaseacompo.ndthatlower^^^^ 

eerebrospinalfluid.ataconcen.ationsumdenttopreventtheboned.eas.^ 

diseaseTscharacteri^hyadecreasedbonemassrelativeto^tofcorresp^^^^ 

diseased bone. 

25, Ttam«hodofolaim24,wheroinsaidcompo™lbmdsNPYinblood. 

26. Them*odofdaim24.«herdn8aidboaeffls=aseissdectedftomto 
g„up comistog of osteopo«>sis. osteopedia. andPagefs disease. 

27 Amethodofpreventingabonediseasecomprisiiig: 
3a„,i^.„aman»alatri3tfo..hebonediseaseacon,oa«da.acone^^ 

^cien. «. prevent *e bone disease, wherein *e bone disease is cha,arter.zM by a 
eo«aseabl»assre.a«ve.od^ofcorrespondingnon-diseasedbone,andwh^^^ 

l„^^isseleotcd*on.*egror^oc»s.tingof:anan.bodywMchspec^« 
NFY. asolubleWYrecep«3rpol,pepdde. and derivatives of derivatives of naphtolencs. 
bemafcian, benzothiophenes and indoles; taloxifcnff. 
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3-(4-methoxyphenyl)-4-[4-(2"pym)Udin-l-yletho^^ 

sdt;3-phenyl-4-[4-(2-pjnrroUdin-l«ylethoxy)bei^ 

3-phenyl-4-[4-(2-pyiToUdin-l-yle1hoxy)ben2X)yl]-l,2-(^ 

l-[4-(2-pyaolidin4-ylethoxy)beiizoyl]-2-phenylnaphtha^ citrate salt; 

3-(4-methoxyphenyl)-4-[4-[2-(piperidia-l-yl)ethoxy]benzoyl] 

citrate salt; 3-(4-methoxyphenyl)-4-[4-(2-dimefhylaniinoethoxy)beiizoyl^ 

1,2-dihydronaphthalene, citrate salt; 3-(4-hydroxyphenyl)-4-[4-[2-(pyrrolidin- 

1- yl)ethoxy]beiizoyl]-l,2-dihydronaphthalene, mesylate salt; 3-(4-methoxyphenyl>4- 
[4-[2-(hexamethyleneimin-l-yl)benzoyl]-l,2-dihy(fronaphthalene mesylate salt; 
3-(4-methoxyphenyl)-4-[4-[2-^iperidin-l-yl)ethoxy]benzoyl]-l,2-dihy 

mesylate salt; 3-(4-methoxyphenyl)-4-(4-diethylaminoethoxybeii2;oyl)- 1,2- 
dihydronaphthalene, mesylate salt; 3-(4-methoxyphenyl)-4- 

(4-diisopropylaminoethoxybenzoyl)-l,2-dihydronaphthalene, mesylate salt; 3-hydroxy-4- 
[4-[2-(pyn:olidiii-l-yl)ethoxy]beiizoyl]-l,2-dihydronaphthalene^ sodium salt; 

2- (4-methoxyphenyl)4"[4-[2-(pyrroUdin-l-yl)ethoxy]benzoyl]mphtha^^ mesylate salt; 

3- (4-methoxyphenyl)-4-[4-[2-(piperidin-l-yl)ethoxy3benzoyl]-7-^ 
ihydronaphthalene, mesylate salt; 3-(4-metiioxyphenyl)-4-[4- 
(2-dimethylamdnoethoxy)benzoyl]-l,2-dihydron^lithalene, 2-hydroxy- 1,2,3- 
propanetricarboxylic acid salt; 3-(4-methoxyphenyl)-4-[4-[2-CN-niethyl- 
l-pyrrolidiiiiiim)ethoxy]ben2oyl]-l,2-d ihydronaphthaloie, iodide salt; and 
3-(4-methoxyphenyl)-4-[4-[2-(pyrroUdin-l-yl)ethoxy]benzoyl]-l,2-d^^ 
mesylate salt 

28. The method of claim 27, wherein said antibody is a monoclonal 

antibody, 

29. The method of claim 27, wherein said antibody is a human or chimeric 

antibody. 

30. The method of claim 29, wherein said antibody is a hmnanized 

antibody. 
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3, xbe»e4odotclaim27.w.»insaidbon=aise^is«l«t=dft-«>» 
consi^iBgof os«opo«,sis, osteopenia. aMPagefsdisease. 

3, A»ethodofpBve.flmgabonedi«aseoomprising: ■ 
, ^ri*fotthebonedisea«acon,o»dfta.low»thel«.=lof 

i^siU.lpbospha^orex.^c.ll^-g"^-'*-''^'-^^ 
^WvetofhatofeorreapoBdingnott-aaeasedbone. 

33. ae,n*odofoUi»32.wh««n»aco^o».^isaWY-*'- 

aatagotrist 

34 T.e.ethodofolai.33,whereinsdd^Yreceptorantago^^^^ 

• of- a-alkoxy and a-thioaUcoxyamide compositions, 
selected from the group consisting of. a alkoxy , • .1^,3. dihydropyrhnidone 

derivatives; naphUnmidazolyl denvatives, mm 
benzothiophenes or indoles. 

35 tte»e*odofcla»33.whe«maaidmreccptoran^gonis.U 

d.^„.ofattantibodywbichspecificaUybmdNPYan<iaa 
selectedftomthegroupooMlstrngofaoanliDo y 

antibody wiuch specificaUy bi»dsOTY receptor. 

3, T„eme.hodofoWnr32.«berein-"-*»-'»-'«'^'°°"'° 
eo^sdBgof o^poro* osteopeA .MPagefsdiseaae. 



37. 



Amethodofdiagnosmgabonediseaseinama^alcomprising: 
^easuringNPYlevelsinblood serum ofamannnal; and 



(a) 
(b) 



measuiuis--- . a to the NPY level in control 

comparing the level measured m (a) to ihe NPY 



blood serum; j.„^„c»^ 
^H.^ieveiob.a.edin(a)isMgber*an.ato.ti.eeo^— 
.e*itir«.hebonediaeas.wh«to«r.bo,»*aease.soi>araoter,^by 

™ssralaav.tototofoo.rcsp<»^«»-'ii«^'»»'- 



SO 

as 
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38. The metiiod of claim 37, wherein said mammal is a human. 

39. The method of claim 37, wherein said bone disease is selected jfrom the 
group consisting of osteoporosis, osteopenia, and Paget*s disease. 

40. A method of diagnosing a bone disease in a mammal comprising: 

(a) measuring NPY levels in cerebrospinal fluid of a mammal; and 

(b) comparing tiie level measured in (a) to the NPY level in control 
cerebrospinal fluid, 

so that if the level obtained in (a) is higher than that of the control, the mammal is diagnosed 
as exhibiting the bone disease, wherein the bone disease is characterized by a decreased bone 
mass relative to that of corresponding non-<iiseased bone. 

41 . The method of claim 40, wherein said mammal is a human. 

42. The method of claim 40, wherein said bone disease is selected from the 
group consistmg of osteoporosis, osteopenia, andPaget's disease. 

43. A method for identifying a compound to be tested for an ability to 
modulate bone mass in a mammal, comprising: 

(a) contacting a test compound with a polypeptide; and 

(b) determining whether the test compound binds the polypeptide, so that 
if the test compoimd binds the polypeptide, then a compound to be 
tested for an ability to modulate bone mass is identified, 

wherein the polypeptide is selected from the group consisting of a NPY polypeptide and a 
NPY receptor polypeptide. 

44. The method of claim 43, wherein said polypeptide is a human 

polypeptide 

45. The method of claun 43, wherein said ability to modulate bone mass is 
the ability to increase bone mass. 
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52. The method of claiin 5 1 , wherein said NPY polypeptide is a human 

polypeptide. 

53 . The method of claim 5 1 , wherein said NPY receptor polypeptide is a • 
human polypeptide. 

54. The method of claim 5 1 , wherein said abihty to modulate bone mass is 
the ability to increase bone mass. 

55. The method of claim 51, wherein said ability to modulate bone mass is 
the ability to decrease bone mass. 

56. A method for identifyiag a compound to be tested for an ability to 
decrease bone mass ui a mammal, comprising: 

(a) contacting a test compound with a cell which expresses a 
functional NPY receptor; and 

(b) determining whether the test compound activates the NPY 
receptor, 

wherein if the compound activates the NPY receptor a compound to be tested for an ability to 
decrease bone mass in a manmial is identified. 

57. A method for identifying a compound that decreases bone mass in a 
mammal, comprising: 

(a) contacting a test compound with a cell that expresses a 
ftinctional NPY receptor, and determining whether the test 
compound activates the NPY receptor; 

(b) administering a test compound identified in (a) as activating the 
NPY receptor to a non-human animal, and determining whether 
the test compound decreases bone mass of the animal relative 
to that of a corresponding bone of a control non-human animal, 

so that if the test compound decreases bone mass, then a compound that decreases bone mass 
in a maimnal is identified. 
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xrPYreceotortoanon-himan animal, and detenmung 

TSIPY recepxor w a. relative to 

A ;«/^.>flses bone mass of tne an3m«" 
the test compound mcreasesDuu 

i:,acoLpo^-ofacont.olnon.^an^^^^ 

wemass thenacompomdthatincreasesbonemass 
sothatifthetestcompoundmcreasesbonemass,th 

in a mammal is identified. 

.1- <AS7 58or59iJiwhichactivationoftheNPY 

regulated kinase. 
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wt + icv PBS wt + icv NPY 




Bone Vol. 14.1 ± 1.0 10.8 ± 1.7 

(BV/rv. %) 

FIG.1 
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